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NEW 


Bearing 
Design Means 


Allis-Chalmers capsule-type sleeve bearings 
now perfected for complete motor line 


Standard capsule-type sleeve bearing 


Anew feature— an improved cap- 
sule-type bearing design—has been 
added to the Allis-Chalmers com- 
plete line of large end-shield bear- 
ing motors. This new bearing will 
give you better motor service, sim- 
plified maintenance and longer 
motor life through features like: 
@ Dust-tight, leakproof enclosure 
protects bearing from dirt, dust or 
abrasive materials. 


You get MORE from Allis-Chalmers motors 
More design and construction features — more application help. 
For complete information, contact your nearby A-C office or write 
Allis-Chalmers, Power Equipment Division, Milwaukee 1, Wisconsin. 


High speed cage motor 


Weather-protected motor 


. e c fan- 
High speed capsule-type sleeve bearing Totally-enclosed fan-cooled motor 


@ Venting system prevents oil leak- 
age — keeps oil and vapor from get- 
ting into motor enclosure. 

® Dual oil-rings insure bearing sur- 
face lubrication — either ring can 
adequately lubricate bearing. 

® Split end-shield gives easy acces- 
sibility to winding and air gap — 
without disturbing capsule or bear- 
ing alignment. 


Water-cooled or inert-gas-filled motor 


Capsule-type bearings are stondard 
on these Allis-Chalmers motors. 
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STEAM-ELECTRIC plant of Pacific 
Gas and Electric Company at Pitts- 
burg—660,000 kw—is largest 
such plant west of the Mississippi. 
It is part of the itinerary for the 
Summer-Pacific Meeting to be held 
in San Francisco, Calif. Item on 
page 556. 
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OKOLITE-OKOPRENE aerial cables 


1—PRIMARIES, 2 —SERVICES, 3 —SECONDARIES, 
4—LIGHTING CIRCUITS—all on one pole at 
Bonneville, Oregon. 


@ Most utility engineers now recognize the advantages of aerial 
cables for primary circuits. Moreover, many are now using 
this economical cable design for street lighting circuits, for 
secondaries—including networks—as well as for service drops. 
For such installations, time-proved Okolite-Okoprene aerial 
cables—whether self-supporting, ring-supported or spinner- 
lashed—offer many advantages. 

The patented Dualay* assembly, originally designed by 
Okonite engineers for hot-tapping of Okolite-Okoprene self- 
supporting primary cables, is also of distinct value for secondary 
circuits, since services can be taken off at any point, even in 
mid-span, without racks or spreaders. 

In addition to their suitability for utility overhead systems, 
Okolite-Okoprene aerial cables are extensively used by industrial 
plants and railroads for power, lighting, communication and 
control systems. Details on the many types available, with 
complete data on selection and installation, are available in 
Bulletin EG-1074. The Okonite Company, Passaic, N. J. 


tail — ———— = 


a ii 
*Hot tap feature: in the Dualay method (U.S. Pat. 
2,430,378) the insulated conductors are twisted together 
so that the direction of lay is reversed at regular short 
intervals to permit conductor separation without cutting 
the copper or performing any operation on the messenger. 


... with these 
IG advantages 


Improved circuit regulation and lower 
voltage drop through lower re- 
actance. 


Tree trimming reduced or eliminated. 


Overlength poles not needed to clear 
treetops. 


Fewer service interruptions or outages. 

Reasonable original cost. 

Lower maintenance cost. 

Simple to install. 

Higher safety factor for linemen, 
people and property. 

Good appearance, 

No festooning. 

Long spans. 

Less congestion on poles. 

Elimination of cross-arms. 


Reduced clearance space near build- 
ings and other structures. 

Greater reliability in storms—resist 
wind, icing, moisture—operate even 
if poles are down. 

Messenger serves as neutral. 


Okolite-Okoprene Self-Supporting Aerial 
Cable with in-built messenger. Made with 
Dualay* design for easy tapping. 


Okolite-Okoprene cables can be lashed to 
messenger by the spinner method. 


Okolite-Okoprene cables may be installed 
in regular messenger rings. 


Available with either Sh or aluminum conductors 


iX:) K ONITE & insulated cables 
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Mechanically strong! 
Sturdy side frames 
clamp core and coil 
assembly firmly at top 
and bottom. 
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Lead assembly has ma- 
chine-wound tubes for 
mechanical support. 
Leads insulated with 
oil-impregnated cable 
paper. 
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Continuous wound coils 
add mechanical 
strength — withstand 
high short-circuit 
stresses, 
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Cooling ducts — formed 
by special snap-lock 
—, : spacer locked in place 
& Ea womens re | A, ; : between coils. 
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Extra protection at 
crossovers. 


r 


Circular coil shape has 
advantage of prevent- 
ing distortion under 
short-circuit conditions. 
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Works for You 


Here’s a combination of design features that adds up 
to balanced design ...long transformer life 





No single feature is all-important in transformers! But to- 
gether they mean balanced design — all the things you want 
and need in a transformer. 
® High impulse strength ¢ Corona-free construction 
® Quiet operation © Reduced size and weight 
® Dependable performance @ High short-circuit strength 
@ Rugged mechanical construction 


In balanced design, every feature must contribute its full 
share to the operation. No feature can outweigh another — 
each must complement the other. 

For example — of what value is “light weight” if it cuts 
performance? With balanced design you get both light weight 
and efficient performance. 

Get complete information. Call your nearby Allis-Chalmers 
office or write Allis-Chalmers, Power Equipment Division, 
Milwaukee 1, Wisconsin. 






















































































1. Corona-free design. Repeated lightning y 3 Reduced size and weight. This means 3. Proper coil design plus static shields and 
and switching voltage surges may be applied higher rated transformers are easier to han- interleaved coils where needed provides high 
to the transformer without damage, up to full dle — can be moved without removing radi- series capacitance, as well as more uniform 
values as defined by standards. ators and bushings. voltage distribution. 


CHALMERS .. 
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Cass | NATIONAL| FOR 


FAST SERVICE AND 

TOP QUALITY ON 
REWINDING INDUSTRIAL 
TURBO GENERATORS 


Fast service. Top quality for longer service life. Modernization 
A rotor being Aaa balanced to for improved performance. You can count on these 


close tolerances after rewinding to in- 
sure vibration-free operation. when you call on National for rewinding of your turbo generators. 


The National shops are completely equipped and manned for 
the performance of all winding operations. When size or distance 
makes it impractical to ship the machine to us, we do the work 
on the spot. For complete details, just call your nearby 


National field engineer or drop us a line. 


A completed stator winding (Note spe- 
cial end turn tying and bracing). 


NATIONAL ELECTRIC (COIL (OMPANY re) 


COLUMBUS 16, OHIO, U.S. A. 


ELECTRICAL ENGINEERS: MAKERS OF ELECTRICAL COILS AND INSULATION— 
REDESIGNING AND REPAIRING OF ROTATING ELECTRICAL MACHINES 
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TIONAL Orushes 


TRADE-MARK 


are best for 


MILL-TYPE MOTORS 


National Carbon’s complete line of motor brushes 
includes a grade, size and design that is best for 
every motor application in your mill. Here, for 
example, are two good reasons why “National” 
brushes are your best buy for Mill-Type Motors: 





e High strength for tough reversing service 
e Superior commutating ability for load fluctuation 


Because very often the right brush for the job is 
found in the list of AISE standards for mill-motor 
brushes, National Carbon has cooperated with this 
group in providing a “National” brush for every 
AISE standard. However, many Mill-Type Motors 
operate under unusual service conditions. Get the 
recommendation of a “National” brush specialist 
and be sure of each application. 


Write for our 
Section B-0635—«Nn ational” 
Mill-Motor Brushes, with 


Corresponding AISE 
Code Numbers. 


free Catalog 


The term "National", the Three Pyramids Device and the Silver Colored Cable Strand are registered trade-marks of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY ~~ A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17,N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. Im Canada: Union Carbide Canada Limited, Toronto 
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MORE FOR YOUR 

MONEY THAN EVER 
BEFORE is offered by Lapp 
suspension discs. Their me- 
chanical strength and electrical 
permanence provide an extra 
margin of operating security. 
They can be sold at today’s low 
prices only because of automa- 
tion and control in manufac- 
turing processes. And the re- 
sulting uniformity pays an 
operating bonus in their uni- 
form trouble-free long life. 


THIS IS AUTOMATIC FINISHING. The our- 
side surface of every Lapp suspension insulator is finished 
on a machine like this, an air-operated mechanism feeding 
the cutting tool into the work to shape head and shell in a 
single cut. The “stock” is the clay blank, which has been 
formed by hot pressing, and dried to exact moisture con- 
tent—to assure.control to tight dimensional toler- 

ances during subsequent drying and firing. The 

result is uniformity of insulator production .. . 

low insulator prices... high insulator 

quality, performance and reliability. 


Lapp Insulator Co., Inc., Le Roy, N. Y. 





© 1956. H.A.C. 


JUNE 1956 





HUGHES 
TRANSISTORS 


Germanium...NPN... 


Alloy Junction 


~~ 
- 


Hughes makes transistors with axial leads—quite a 
departure from the conventional, single-end configura- 
tion of most transistors now on the market. This is 
done for several reasons, all of which add up to one 
paramount fact: the new style package offers many 
advantages. It is a better package... 

BECAUSE: the small, tubular body with axial leads is 
just right for horizontal mounting. It saves space, sim- 
plifies the physical arrangement of electronic circuitry. 
BECAUSE: all mountings (horizontal, vertical, heatsink, 
socket, clip-in) can be made extremely rigid, thor- 
oughly shockproof. 


BECAUSE: the coaxial configuration assures a more 


WITH THE UNIQUE COAXIAL PACKAGE 


rugged arrangement of internal transistor elements. 
BECAUSE: no matter how mounted, this package per- 
mits the dissipation of more heat, thereby ensuring 
consistent performance throughout the temperature 
range of operation. 

CHARACTERISTICS: high gain... nearly negligible 
alpha crowding, even when current is high... more 
power output at any given ambient temperature... 
high frequency performance at increased power levels. 
APPLICATIONS: Designed for low-to-medium 
power operation, these devices perform excellently in: 
COMPUTERS ® SWITCHING CIRCUITS ® AUDIO AMPLI- 
FIERS ® I-F AMPLIFIERS ® OSCILLATORS. 


For the address of our nearest sales engineering office, 


or for descriptive literature, please write: 
HUGHES 


SEMICONDUCTORS 
HUGHES PRODUCTS 
Los Angeles 45, California 


eeigy. 


HUGHES PRODUCTS §: 


A DIVISION OF THE HUGHES AIRCRAFT 


| 


i 
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For DC Power Applications... 


NEW PERKIN 50 KW Standard 
GERMANIUM RECTIFIER UNIT 


FEATURES 


be series or parallel connected 


Tate Melia) 8-14-11: 


No warm-uf 


Delivery — stock or 8 weeks 


Through the unique characteristics of 
germanium, the new Perkin Model G125- 
400 50 KW Germanium Power Unit 
offers extremely high efficiency and a 
low installation and operating cost. 


This unit is ideally suited for such 
applications as: Municipal DC to AC 
conversion programs, DC Motors and 
controls, magnetic devices, brakes, chucks, 
clutches, lifting magnets, in place of 
mercury-arc, ignitron or mechanical 
rectifiers, electro-chemical and other 
general industrial DC power applications. 


A key feature of this model is the fact 
that two or more units may be connected 
in series or parallel and operated at 

one time for higher voltage and amperage. 


Perkin also manufactures other heavy duty 
rectifier units (selenium and germanium). 


Send your specifications to Perkin for 
prompt recommendations and quotations. 


SPECIFICATIONS: 


A.C. INPUT: 
D.C. OUTPUT: 


CONTROL: 
VOLTAGE REGULATION: 
DUTY CYCLE: 
RIPPLE: 
EFFICIENCY: 
POWER FACTOR: 
COOLING: 
METERS: 
WEIGHT: 
FINISH: 
CONSTRUCTION: 
DIMENSIONS: 





230/460 V., 60 Cycle, 3 Phase 
115-125 Volts @ 400 Amperes 
Available also connected for 
62.5 V. @ 800 Amperes 
Air Circuit Breaker 

5% No Load to Full Load 
Continuous 

5% RMS 

94% 

95% 

Forced Air Cooling 

Ammeter 

1200 Lbs. Approx. 

Gray Wrinkle Baked Enamel 
Floor Standing Cabinet 

34” W x 30” Dx 52” H 


PERKIN 


ENGINEERING CORPORATION 
Model G125-400 
50 KW Germanium power supplies 345 KANSAS ST.+ EL SEGUNDO, CALIF. 


Rectifier Unit ORegon 8-7215 or EAstgate 2-1375 
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You can easily remove a single pole 
from any CLARK Type"PM’ Relay 


Each pole in the new CLARK heavy-duty relays is an integral 

unit that can be quickly removed or replaced from the front 

without disturbing other poles. You need disconnect only two 

wires and loosen one mounting screw—regardlessofthenumber Each pole is 
of poles in the relay. Compare this with other types of relays contained in its 
where the whole device must be removed to accomplish the ©w™ melamine 
same thing. For example, with a conventional 6 pole relay, eens. 

14 wires and 3 mounting screws musi be removed. 

All terminals are located on the front. They are “pressure” type, 

eliminating need for looping wire. Coil-changing and magnet 

replacement can also be done quickly from the front without A short circuit through one set of contacts is 


- . 4 confined to a single pole and will not destroy 
ae relay from — the whole relay. Enclosed top protects from 


Write for Bulletin PL-7305 dust and dirt, and serves as wiring shelf. 


Vle CLARK (Ee) CONTROLLER Compare 


Engineered Electrical Control = 1 1146 East 152nd Street * © Cleveland 10, Ohio 





IN CANADA: CANADIAN CONTROLLERS,LIMITED © MAIN OFFICES AND PLANT, TORONTO 
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300 SPRAGUE : : KVAR POWER FACTOR. CORRECTION CAPACITORS 
INSTALLED ACROSS THE TERMINALS OF 1 HP MOTORS DRIVING 
LOOMS AT BELDING HEMINWAY CO., BEDFORD, VA. PLANT 


} Motors are delivering 10% more HP and 5% more torque. 
2? Amperage load of the circuits, panels, etc., has been decreased 33%. 


RESUL TS! 3 Voltage has been increased to and stabilized at 237 V. 


4 Power savings alone during the first two years exceed the entire cost 
of Power Factor Correction! 


BUY ONLY THE POWER YOU NEED 


The production and operating savings gained by raising your plant Power Factor can 
far outweigh the cost. When Sprague engineers were called in to evaluate the Belding 
Heminway Company’s system, here’s an example of what they found: 


et ae 2400V 3 
adi 





New Building 
East End-150 
1 HP motors 
PF-78% 


New Building ) Old Building . ) 75 HP humidity 2—15 HP water 
West End-150 . / 50 HP of small 


gd RE ones egrets Rese 
USE ALL THE POWER YOU BUY 


After surveying the entire system, Sprague recommended: one unit of 3 KVAR corrective 
capacitance across the terminals of each of the three hundred 1 HP motors driving looms off 
the East and West End feeders; three units of 25 KVAR corrective capacitance across the 
Old Building feeder; three units of 10 KVAR corrective capacitance each across the 75 HP 
Humidity Control Fan; and one unit of 73 KVAR corrective capacitance across each of 
the two 15 HP Water Pumps. 

Following installation of this 225 KVAR of corrective capacitance, new Power Factor 
readings showed the following improvement: 


“~a 
) main circuit breaker 220V 30 


East End | West End Old Bidg. Fan Water Pumps 





- + " 
PF bef | 18% 76% 62% 84% 83% 
cio Bite ben OR OF eo YOU CAN DEPEND ON 
PF after =| 15% 97.5% Unity 92% 99.55% 


| | } 
It’s likely that Power Factor Correction could cut your plant produc- 
tion and operating costs, too. Sprague engineers will be happy to sur- 
vey your plant’s present electrical system and recommend corrective 


measures at no cost. Write today for complete details and name of 
nearest representative to the Industrial Capacitor Division, Sprague 
Electric Company, 321 Marshall Street, North Adams, Massachusetts. 

















WORLD'S LARGEST CAPACITOR MANUFACTURER 
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Electrical 


Engineering 


As It Will Be 


M. D. HOOVEN 


PRESIDENT AIEE 


To solve the greater problems to be faced by the 
electrical engineer of the future, he must learn 
to work with a team of technicians, some of 
whom will undoubtedly be women. Engineers 
will also be the intellectual community leaders 
who will be called upon to turn out more ideas. 


LECTRICAL ENGINEERING HAS CHANGED 
{| pmerneennee since the end of World War II. As in 

other branches of the engineering profession, progress 
beyond the ability of individual grasp has been made. 
Developments on all fronts, from the common telephone in- 
strument with which we now dial our neighbors to the 
electric meter on which we pay our bills, have been com- 
prehensive. ‘Thinking machines are replacing the slide 
rule. Electronic controls are running our great industrial 


establishments. With the present complexity of the art 


itself, is it possible to forecast what the future practitioner of 


engineering will be like? 
FUTURE TRENDS 

THERE ARE already certain trends established which may 
give the semblance of a picture of the electrical engineer of 
the future. In the educational field, reforms are in process. 
More basic science courses, more of the humanities, and 
perhaps less of the specific engineering courses are being 
provided. Further than that, it is very probable that the 
type of science instruction offered in the secondary schools 
will change in that a bright young person will adopt the 
scientific attitude much earlier in life than has been the case 
in the past. 


Essentially full text of an address presented at the Great Lakes District Meeting, Ft. 
Wayne, Ind., April 16-18, 1956. 


M. D. Hooven is electrical engineer, Public Service Electric and Gas Company, Newark, 


N. J. 
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Hooven—Engineering As It Will Be 


Obviously, then, the practitioner of the future will have 
more fundamental background, more culture, if you please, 
than 
there 


the present-day engineer. Unfortunately perhaps, 


will be in the profession a lesser number of the 
manually dexterous group, inasmuch as time for education 
takes time from practical engineering. The dirty-handed 
engineer of the past, such as perhaps many of the present 
generation represent, will be replaced by a more intellectual 
type. It is difficult to say whether this will be for the good 
of the profession or not; the fact remains that this is the 
present tendency. However, the general type of individual 
in the profession will be much the same, although the 
engineer may, by the way, be a woman, in that fifty years 
from now, the pressure of community requirements fo1 
engineers will be such that womanly intuition will un- 
doubtedly be added to the graces of the profession. In- 
genuity and creativity will remain much the same, with 
an educational effort, of course, being made to develop 


these common traits of all engineers, but the inherent 


qualities must be there to start with. 


TEAMS OF TECHNICIANS 


THE DEMAND for great solutions to great problems will 
make more scarce the lone wolf in the profession. In order 
to meet the requirements of the future, it is very likely that 
engineers will work in teams. It is equally probable that 
the teams may consist of pure professionals assisted by those 
who are technically inclined but who perhaps have not the 
desire to become imbued with the mathematical and scien- 
tific approach. In engineering teams of this sort, it will be 
expected, there will be a great number of womenfolk. No 
longer will it be the sole aim of an attractive young girl to 
spend a few years as the boss’ secretary and then to retire, 
as she should, to the chore of raising a family. It is equally 
possible now that the attractions of science and computation 
will draw into the technical field many girls who will 
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spend their premarital life in the service of engineering; 
following, perhaps, the intellectual leadership of an engineer 
who directs the team approach. 

Some fears have been expressed that the group approach 
to the solution of engineering problems may tend to destroy 
the present well-recognized value of the individual mind. 
These probably are baseless fears in that, because of the 
nature of the art and because engineering is peculiarly an 
intellectual process, the contribution and recognition of the 
individual can never be replaced. 


COMMUNITY LEADERSHIP 


THE ELECTRICAL ENGINEERS who replace the present gen- 
eration will find very little time to devote to general services 
to the community. At the same time, the community will 
require more and more of the kind of intellectual leadership 
provided by the profession. Numerically, the professional 
group will consist largely of engineers because the growth 
in numbers of professional persons has been, and will 
continue to be, on the technological side. Professional and 
community requirements will leave little time for golf or 
bridge. Engineers of the present already are undergoing 
this experience. It is not beyond the realms of possibility 
that the engineer of the future will invent for his well-being 
an electronic exercising device which will give his muscles 
the required exercise while he sleeps. Recognition and 
recompense from his community will undoubtedly be 
higher than they are at present, not only on the basis of 
an excellent contribution, but also on 
the basis of making entrance into the profession attractive. 
The continuity of the present complex civilization depends 
upon recruiting the optimum number of bright young 
Dr. Flemming of the Office 


of Defense Mobilization has suggested that a system of 


acknowledgment of 


minds into technological fields. 


national awards be made to persons ranging from high 
school through the teachers and 
professors to the scientists and engineers and to the engineer- 


and college students 


ing executives. These awards can be imagined as being 
neither monetary rewards nor empty titles. The important 
thing is that they constitute sound recognition. Also, as a 
part of the recognition problem, the engineer of the future 
will probably have nicer rugs on the office floor, nicer 
pictures on the walls, not that he cares, for as it has often 
been said, ‘‘Give an engineer an interesting problem and a 
loaf of bread and he becomes a happy individual,” but 
because there is danger, under the present system, of 
siphoning off too many creative minds from research, 
development, and design into engineering management. 
Already in some industries a plan of parallel progression is 
being tried, where the luxuries and emoluments of office are 
disbursed with equality to those engineers who progress in 
design and research as well as to those who progress in 
management. 


INDIVIDUAL AND GROUP INCENTIVES 


Inasmuch as 
the progress of the art depends on individual ingenuity and 
creativity, more ways will be found to reward the individual. 
Group rewards, known in the parlance of the day as fringe 


THERE WILL BE MORE individual incentive. 


benefits, will tend to disappear, particularly those which in 
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any way inhibit freedom of judgment of the engineer. 
Rewards based on seniority, job specifications, 
pensions may be looked upon askance. 

Engineering will come to be recognized as one pro- 
fession. Perhaps major variations in disciplines will con- 
tinue to be recognized; with a greater emphasis on depth 
of education, however, specific divisions of the engineering 
arts would tend to disappear. The Institute of Radio 
Engineers and AIEE will no longer represent a cleavage in 
electrical engineering. Even at present, the mechanicals 
and electricals operate so much alike that the differences 
are becoming indistinguishable. Pressure from the bottom 
up will bring unity of the profession. Each local area will 
have groups of engineers meeting on their specialty, whether 
it be insulated conductors or printed circuits, all, however, 
a part of the whole. 

To sum up, tomorrow’s electrical engineer will be much 
like today’s in his ingeniousness. He will be more intel- 
lectual, less restricted in his thinking. He will be well 
rewarded, continuing to be goaded and enticed to turn out 
more ideas. He will have a high degree of community 
consciousness coupled with a kind of social independence. 
He will belong to a unified profession in which the field of 
electrical engineering will be capably covered by AIEE. 


even 





Aluminum Today 


Want a tube of toothpaste? A package of margarine? 
A new skyscraper? A streamlined train? ‘They cannot be 
found today without also finding aluminum. Not only is 
aluminum the most plentiful nonferrous metal in the 
world—making up one eighth of the earth’s crust—but 
also, in less than 70 years, it has become the most important. 
Though still in its early stages of growth, consumption 
already exceeds the combined volume of copper, lead, and 
zinc; the older nonferrous metals whose use goes back 
hundreds of years. 

Nearly 5,000 uses are counted for aluminum and the list 
grows daily. 

The rapid rate at which the aluminum has grown was the 
result of technological developments which lowered costs 
from $8 per pound in 1886 to less than 25 cents today. 
This has helped swell volume from 17'/, tons in 1886 to 
more than 1.5 million tons today. But price alone did not 
send aluminum zooming out of the pots and pans stage to 
fields unlimited. 

Because of its versatile properties of lightness, electrical 
and thermal conductivity, resistance to corrosion, and 
aesthetic appeal, aluminum seemed to hold the answers to 
various industrial problems. Even with its sudden emer- 
gence upon the scene at competitive prices the reluctance 
of manufacturers wedded to traditional older metals to ex- 
periment with something new was encountered. 

Where is the aluminum going? Today three markets— 
building, transportation, and electrical—account for more 
than half of world production, and their volume demands 
promise to increase tremendously. 
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Engineering Futures Unlimited 


E 


LOW 


Future opportunities for engineers in the elec- 
trical utility field are discussed in the light of 
projected developments and 


in automation 


nuclear power. 


10 


These opportunities apply to the young engineer, the 


in engineering which did not exist years 


HERE IS A WIDE VARIETY of new opportunities 
TT ago. 
future engineer, and also to the engineer who has been in 
the business for some years. 

The explorations to be made here into the engineering 
future will be limited to two fields: the first, automation; 
and the second, nuclear energy. ‘These two subjects were 
chosen because automation is part of the means to produce 
more and better quality goods from mechanical effort in 
place of human effort, and because nuclear energy is the 
coming source of the increased power needed for increased 
production. Both of these subjects will be discussed in this 
article primarily with reference to the electrical utility 
industry. 

Any look into the future should be based on where we 
What has been 
the effect of mechanization and power on the country in the 
20th Century? 


Fig. 1 shows gross national output, the energy consump- 


have progressed up to the present time. 


tion, and the number of engineers employed from 1910 to 
1950. These the past the 
present fn our national economy. ‘The extrapolation into 


bench marks represent and 
the engineering future begins where these stop. 

The record of productivity as shown by the gross na- 
tional output curve is remarkable. It has brought to our 
nation a standard of living hitherto undreamed of in history. 


It is a record that has been and is being studied intently 


not only by Americans but also by citizens of other parts of 


the world. Our future record of productivity may be the 
key factor in our struggle for survival in a divided world. 

The principal ingredients of our productivity are scien- 
tific and technical knowledge, research and development 
activities, and management techniques. We can explain 
our growth in productivity during the first half of the cen- 
tury as a continuation of the industrial revolution which 
substituted machinery for animal and human muscle, up- 
grading many unskilled laborers into the semiskilled ma- 
chine operators of today. 

The energy consumption curve is a measure of this 
mechanization. In 1955, industry consumedelectrical energy 
at the rate of 9.7 kwhr per man-hour of human effort. 


Essentially full text of an address presented at the general session of the AIEE Great 
Lakes District Meeting, Fort Wayne, Ind., April 16-18, 1956. 

T. G. LeClair, AIEE past president (1950-51), engineering assistant to the vice 
president, Commonwealth Edison Company, Chicago, Il 
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The last curve represents the number of engineers em- 
ployed in industry. They are the ones who designed the 
power-driven machines which produce more national prod- 
uct with fewer man-hours. 

In the second half of our century, we shall see an increas- 
ing substitution of machinery not only for human effort, 
but also for certain types of mental effort now performed by 
people. In the electrical utility industry, there has been a 
constant and ever increasing use of machinery and auto- 


matic equipment. 


AUTOMATION 


AUTOMATION is one of those words which means many 
things to many people. To many it is something like black 
magic which cannot be understood. I look on it as a simple 
extension of the tried principles of mass production which 
have carried us to the present stage in our standard of 
living. Machinery has been used in increasing amounts to 
relieve man of the burden of physical labor. Gradually, 
through automation, the analyzing of facts and the control- 
ling of processes is being done mechanically or electrically 
instead of by mental effort. 

Let us think of automation in connection with an electric 
generating station. The original Pearl Street Station in 
1881 generated only a few kilowatts and took a lot of man- 
power to shovel the coal, control the voltage, and keep the 
machinery in working condition. We have made much 
progress since that time, adopting larger units, stoker firing, 
and many other mechanical processes, but the parade has 
not stopped. 

A generating station built about 30 years ago with the 
equipment and of the design current at that time requires 
about one man for operation of every 800 kilowatts of capac- 
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ity. A station built today incorporating modern equip- 
ment and concepts of design requires about one man for 
every 2,500 kilowatts of capacity, roughly a 300 per cent 
improvement in manpower utilization over the period. 
his is only one of the means to higher pay without increas- 
ing product costs. 

For example, it has been found possible to build stations 
on the unit system with the boiler the same size as the tur- 
bine, and operating as a unit independent of any other 
units in the station. After boilers got to be 10 stories high, 
a television gauge was installed so the operator does not 
have to climb to the roof to see the water level. Automatic 
combustion control is used so that the flow of fuel and the 
flow of air is adjusted continuously and more efficiently than 
a man on the control board could do it. 

With the use of these automatic controls, it has been pos- 
sible to concentrate the control for the turbine, the gen- 
erator, and the boiler at a single point where it can be 
watched by very few men This was not easy It re- 
quired the development of improved recording meters, 
telemeters, and control systems which operate directly from 
the reading of the meters. 

Replacement of the operators’ thinking under changing 
conditions by automatic control is the real essence of auto- 
mation. In power generation, this automation has been 
extended to controlling the output of several generating sta- 
tions from a central point by an automatic load control 
system which distributes the load properly among a number 
of stations. 

Some of the more 
One of the 


toughest jobs in many power plants is cleaning the slag 


[he job has not yet been completed. 


interesting problems are still to be solved. 
from boilers when it accumulates in unexpected places and 
plugs the boiler operation. Some good engineer must find 
a way to keep the boiler clean continuously. This will not 
only avoid a dirty job, but also will result in a far more effi- 
cient boiler plant. 

Work is 


neasure the input of the coal and air to the boiler, the out- 


being done on more automatic machinery to 


put of gas, and the output of electricity to make automatic 


heat rate computations. ‘These automatic heat rates may 


some day be the means of continuously checking whether 


the plant is or is not operating normally. One or two power 
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companies are trying load control systems which will auto- 
matically take into account the losses in transmission lines 
and the variations in efficiency of turbines at different valve 
points, and will readjust the control system the instant a 
unit is taken out of service. 

Electric utilities search for improvements in all facets of 
their industry. In the Commonwealth Edison Company, 
for example, automation is taking over a billing and book- 
keeping operation involving more than a million Chicago 
customers. This new accounting system uses the IBM 
(International Business Machines Corporation) type 702 
electronic data processing equipment. It is expected that 
by 1958, all of the bills of the 1.86 million customers in the 
Commonwealth Edison territory will be processed by auto- 
matic equipment. Savings under the new system are ex- 
pected to be $750,000 per year before Federal income taxes. 

Electronic billing climaxes a long history of mechaniza- 
tion in this company’s accounting operations, which has 
included use of punched card equipment and use of meter 
reading cards that are read directly by machines. 

[he meter reading cards represented a great improve- 
But 


it is still necessary to go where the meters are located before 


ment over the meter reading books used in the past. 
the billing process can begin. Still to come is some cheap 
way of reading meters by a remote means. 

We know that the electronic computer will prove useful 
[he computer has already 
A team has 


in engineering computations. 
solved some complex engineering problems. 
been put to work studying the possibility of programming 
other engineering work. We are hopeful this will elimi- 


nate some tedious and repetitive engineering calculations. 
SOCIAL EFFECTS 


AS ENGINEERS, we cannot avoid consideration of the 


social effects of automation. Every labor saving device for 
generations has been considered a threat to employment. 
It is hoped that this notion is being exploded, be@ause we 
should know from experience that cutting costs makes for 
more demand of the product. Our fastest progress has not 
released people fast enough to fill the new jobs that are thus 
created. Commonwealth Edison, for example, has been 
using more and more automation, but has not had any lay- 
offs of people even for abrupt changes. It has been found 
that automation can be integrated into the work through 
careful planning without serious dislocation of employees. 

Progressive automation in the utility industry shows we 
still maintain a high level of employment at high wages. 
[he customers now get three times as many kilowatt-hours 
from the same number of employees as 20 years ago. 

One of the effects of automation will be to upgrade semi- 
skilled operators into more highly skilled technicians with 
higher incomes. We can predict that increasing automa- 
tion will require more workers who are better educated 
people who can think, use judgment, and create. 

Automation will have an impact, too, on management 
and on engineers. Executives of the future will find de- 
mands for better and more accurate judgments, and for the 
capacity to inspire and lead others in truly creative en- 
deavors. It is obvious that broader qualifications will be 
needed in addition to technical competence. 
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NUCLEAR ENERGY 

THE SECOND TECHNOLOGY destined to play an important 
part in our engineering future is that of nuclear energy. 

It is only 13'/2 years since the theory of fission was proved 
through the operation of the first reactor at the University of 
Chicago. The 60 megawatt Westinghouse-Duquesne plant 
is now under construction. The Commonwealth Edison 
Company is planning to have the 180 megawatt Dresden 
Nuclear Power Station in operation by 1960. Hundreds of 
engineers will work on this one project alone before it is 
completed. The few of us who pushed so hard to get it 
started are about to be run over by its speed. 

As many of you know, a panel of authorities recently re- 
ported the results of its 10-month study of the peaceful uses 
of the 


Atomic Energy. 


Joint Congressional Committee on 


Fig. 2 illustrates the prediction made by 


atom to the 


the Committee as to what the atomic power growth pat- 
tern for the next 25 years may be. 

I'he Committee believes that atomic power generation 
will be competitive by 1965. By 1980, it is estimated that 
the proportion of atomic power may be about 25 per cent 
of the total. This percentage may sound small, but it 
should be pointed out that this is in terms of 1980. The 
atomic electric generating capability may, by that time, be 
equal to the present total generating capacity in the country. 

Fig. 3 i 


by the atomic power industry. 


3 is an estimate of the engineers who will be needed 
By 1975, a total of 50,000 


to 70,000 engineers may be required. 


SOURCES OF ENGINEERS 

In 1955, there were about 5,000 engineers and scientists 
About 400 of this total had 
received formal training in this field. 


working on atomic problems. 
The others were re- 
trained on the job. 

You may be interested in knowing how the nuclear energy 
team was formed at Commonwealth Edison. No special- 
ists were hired specifically for this work. In finding tech- 
nical talent to draw upon, any electric utility organization is 
a happy hunting ground. All kinds of specialists are re- 
quired in its day-to-day operations. We had no problem 
in finding electrical, civil, and mechanical engineers, elec- 
tronics specialists, and experts in economics and financial 
matters. We were pleasantly surprised to find that good 
engineers could be converted into first-class chemists and 
physicists by working with the national laboratories and 
Some 


of these engineers and physicists are now recognized as equal 


studying the classified literature on reactor design. 


to those trained from the beginning in these laboratories. 
A team approach was used in tackling the complexities of 
reactor design. Probably to a much greater extent than 
in any other fundamental design problems, the various 
scientific and engineering specialities had to work in unison. 
Nuclear power teams in many companies are successfully 
solving the problems of nuclear power, but major develop- 
ments are still needed to smooth the path to low-cost nuclear 


power. 


PRESENT TECHNICAL DIFFICULTIES 
THEORETICALLY, nuclear power plants will eventually 
outstrip all of the present types of power generating plants. 
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Some of the present technical difficulties are the followin: 


1. Design of a reactor capable of generating steam 
pressures and temperatures used in today’s modern turbines 
As it stands now, present reactors represent a step backward 

a return to the lower steam pressures of the past. 

2. Allied problems, such as development of high tem- 
perature nuclear fuels, solving the problem of heat trans- 
fer from unbelievably concentrated sources of energy, 
development of reactor materials capable of withstandi 
extreme heat and radiation corrosion. 

>. Development of a low-cost fuel recovery process I 
used fuel elements. 

4. Reduction in cost of reactor materials such as 
conium, beryllium, and heavy water. 

5. Development of uses for fission wastes. The radi 
activity of fission wastes creates a great problem in safel 
disposing of the wastes. Later, these products may tur: 


out to be the base of a huge new chemical industry. 


[hese are all potential fields, waiting for engineerin; 
pioneering. 

Much of the present thinking about power reactors cen- 
Design 


engineers have already started in another direction—th 


ters upon use of steam turbine-generator plants. 
use of gas turbines as prime movers. In this concept, the 
power reactor would be used to heat a gas such as nitrogen 
Many 


present day power plant problems would vanish with the 


which, in turn, would be used to drive a gas turbine. 
perfection of this type. 


FUSION REACTORS 


EVER SINCE the thermonuclear bomb became a reality 
there has been speculation about the possibility of controlled 
thermonuclear power. At this time, it is not possible to 
predict when the thermonuclear reaction will be tamed for 
peaceful use. Right now, no simple means is in sight. 

Our present apparent inability to harness this force should 
not stop us from including it as part of the engineering fu- 
ture. If we have learned one thing about predictions in the 
nuclear field, it is that many of them have been proved to 
have been unduly pessimistic. 
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The search for ideas on how to build fusion reactors is 
gaining momentum. The wider knowledge of the basic 
problems may cause a technical breakthrough that will 
place us far ahead in our research schedule. The reports 
of the unclassified work of university laboratories indicates 
that thermonuclear reactors may be quite different from the 
present fission type. It appears that very high tempera- 
tures in the order of tens of millions of degrees may have to 
It is reported that the highest temperatures 
This is 


be created. 
achieved so far are about 250,000 degrees Kelvin. 
still too low. 

It is conceivable that thermonuclear power may even- 
tually turn out to have very bright prospects. If it can be 
made to operate on the basis of hydrogen nuclear fusion into 
helium nuclei, the inexhaustible supplies of hydrogen gas 
could be used as fuel. It is possible that this kind of reactor 
could operate with less shielding and without fission prod- 
ucts emitting large amounts of radioactivity. Regardless of 
whether thermonuclear energy becomes a factor in power 
plant design, sound and impressive progress towards the 
use of what we know now has been made. 

To date, 44 companies are participating individually or 
in groups in building reactors for power sources. More 
than 300 million “private’’ dollars are involved in these 
efforts to lower the cost of power to the public. Total gen- 
erating capacity for the nine reactor plants so far announced 
is 1,112,500 kilowatts. 

It is evident from the record that the utility industry is 
making courageous progress in pushing nuclear energy de- 
velopment even though there is the definite hazard of rapid 


obsolescence of initial atomic power installations. The in- 
dustry feels a strong obligation to its customers to go ahead 
and develop atomic power plants while, at the same time, it 
is making great strides in increasing the efficiency of fossil 
fuel use. Atomic power will certainly be exploited as a 
source of power as fast as the development of the art justifies. 


CONCLUSION 


THIS COUNTRY has enjoyed a position of leadership in the 
world for many years. It is going to be a battle to preserve 
this leadership and the engineers have a big place in the 
battle. If we are to raise the standard of living, there must 
be more production. This implies a demand for an increas- 
ing number of engineers to develop the machinery for auto- 
mation; it implies the need for more engineers to produce 
nuclear power. What is perhaps equally important, the 
use of the more complex machinery will produce more out- 
put for each worker. However, the worker will have to 
acquire an increased skill to operate the more complex ma- 
chinery. The educational process is not confined to the 
engineer. 

We are still on the upward trend in the need for techni- 
cally trained people. 
employed in industry was an engineer. 
creased to about one in 100 in 1955. This percentage must 
be further increased to keep our leadership. 


In 1910, about one person in 250 
This number in- 


These new engineers are going to have more complicated 
and more interesting jobs to do than those of us who have 
been in the business for 30 years. The future for engineers 


is unlimited. 





Electron Microscope Aids Petroleum Research Program 
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Scientists of the Atlantic Refining Company are using 
the most powerful electron microscope developed by the 
Radio Corporation of America to speed and broaden re- 
search on petroleum products. 

The RCA type EMU-3 electron microscope 
that under its magnification a dime would be enlarged to 
a diameter of miles—has been installed in 
Atlantic’s Philadelphia, Pa., Research Laboratories. It 
is being utilized in the research and new-product develop- 
ment of lubricating greases, waxes and catalysts, according 
to Dr. H. W. Field, vice-president and general manager of 
Atlantic’s Research and Development Department and 
R. A. Teare, manager, RCA Industrial Products. 

In the photograph at the left, Dr. R. S. Simard, director 
of Atlantic’s Philadelphia Research Laboratory, watches as 
Alfred Baltz, microscopist, operates the microscope. 


so powerful 


over three 


Grease technology is being extended importantly by 
electron microscopic study of the effects of processing vari- 
ables, such as composition temperature and degree of 
mechanical work, on the structure and quality of greases. 
Examination of soap fibers in grease at the high resolution 
and magnification possible with the electron microscope 
provides new insight on the effects of these variables in 
grease manufacture and performance. 
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Power and Temperature Control of 


Pressurized Water-Cooled Reactors 
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Control requirements for nuclear reactors of the 
pressurized water-cooled type are discussed. 
Embodiments of the systems required for a cen- 
tral station plant and for a ship’s propulsion 


plant are described. 
NALYSES 
operation 


clearly indicated a shift in the requirements for re- 
actor control. 


AND 
of 


EXPERIENCE 


water-cooled 


the 
have 


gained in 


power reactors 
Whereas it was once believed that fast, ac- 
curate regulation of reactor power as measured by nuclear 
instruments was required for any reactor, it is now known 
that water-cooled reactors can be designed to be self-regu- 
lating in power. Coolant temperature is adjusted during 
It is the 
purpose of this article to state the basis for these conclusions 


power operation by the poison rods in the reactor. 


and to describe the reactor control problem, in general, for 
water-cooled reactors. The pressurized water reactor con- 
trols are an example of the use of a temperature regulating 
system. 

For a mobile reactor plant—for ship propulsion, as an ex- 
ample— a system which regulates reactor power in accord- 
ance with steam plant demands is described. Although the 
latter system is more complex, its close regulation of power 
affords certain advantages for propulsion plants. 

Fig. 1 is a schematic representation of a reactor plant. In 
one or multiple closed circulating loops, water is circulated 
through the reactor as a heat source, thence to the steam 
generator by special pumps. From the steam generator, 
steam is delivered to one or more turbines and the conden- 
sate recirculated to the boiler. Operating as a surge tank 
on the primary coolant system is the pressurizer. Tem- 
perature changes in the coolant and the resultant volume 
surges are absorbed in the pressurizer and by system pres- 
sure changes. Current pressurizer designs use electrical 
heaters to keep the water in the pressurizer at the saturation 
temperature for the system pressure required. ‘The steam 
bubble then in the top of the vessel acts as a cushion for 
pressure surges. Further reduction in pressure surges may 
be achieved by running a fine spray of cooler water into the 
The size of the pressurizer, 
Ac- 


cordingly, pressurizer design is a major influence on the 


top of the pressurizer vessel. 
however, influences the magnitude of pressure surges. 


choice of the control system and its parameters. 

For convenience, the temperature of the water leaving the 
steam is designated 7,, the hot-leg temperature. The water 
leaving the steam generator is designated 7,, the cold-leg 
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temperature. The average temperature of the coolant in 
the reactor is a convenient parameter. The only measure of 
this, however, is (7,,+ 7 .)/2 which is designated 7,,,. 7, is 
the temperature of the saturated steam at the boiler second- 
ary outlet. 

The programming of temperatures as a function of power 
level is important to the control system designer. For re- 
actors with a negative temperature coefficient, maintenance 
of the average temperature at a constant value is desirable. 
The reactor itself tends to maintain this programming dur- 
ing power changes. Fig. 2 depicts the constant average 


Of 


and 7), characteristics are the steam tempera- 


temperature programming. more significance 


than the 7 


c 


even 


ture variation and the consequent steam pressure variation. 
The variable steam pressure program is, of course, contrary 
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Fig. 1. Schematic diagram of a pressurized water-cooled reactor. 


to normal power plant practice of maintaining the steam 


pressure at a constant value. Maintenance of constant 


steam pressure, on the other hand, would require wide 
variations in primary coolant temperatures and, as a re- 
sult, would cause an increase in pressurizer size. 


DYNAMIC PERFORMANCE AND CONTROL PROBLEMS 


Static and Dynamic Performance Requirements. The design of a 
nuclear power plant as indicated previously includes the 


Revised text of a paper presented at the Nuclear Engineering and Science Con 
Cleveland, Ohio, December 12-15, 1955, and recommended for publication 


AIEE Committee on Nucleonics. 


W. H. Hamilton, J. N. Grace, O. R. Meyer, and N. E. Wilson are with the Westing- 
house Electric Corporation, Pittsburgh, Pa 
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Fig. 3. Xenon effect, showing reactor power vs time. 
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Fig. 4. Temperature vs power—constant steam temperature. 
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2. Temperature vs power—constant average temperature. 
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specification of an operating program of plant temperatures 
and pressures as functions of power level, in the steady state. 
In order to guarantee operating conditions for which the 
plant was designed, this steady-state program must be 
maintained. 

Changes in steam load, of course, require that the reactor 
power be changed to meet the demand. During such tran- 
sients the plant temperatures and pressures will deviate tem- 
porarily from the specified program. Plant limitations im- 
pose limits on the permissible range and on the rates of 
change of these plant variables. The plant then must re- 
spond satisfactorily to changes in load demand without ex- 
ceeding design limitations. 

Plant malfunctions which may occur during operation 
could lead to permanent damage to the system and present 
a hazard to personnel. The system must be capable of pro- 
tecting itself against such accidents. 

Summarizing the performance requirements, the system 
must: 


1. Maintain a prescribed temperature and pressure pro- 
gram in steady-state operation. 

2. Respond satisfactorily to changes in load, without ex- 
ceeding plant limitations. 


3. Protect itself against accidents. 


Feedba k. 


which controls reactor power, is affected not only by ex- 


Inherent Reactivity The reactivity, the variable 
ternal means of control, but also by the inherent character- 
istics of the reactor. Before determining the amount of 
automatic control required, one must first analyze the in- 
herent reactivity feedback effects.!_ The inherent contribu- 
tion to reactivity variations is primarily a function of the 


fuel concentration, the concentration of xenon, and the 
state of the coolant. 

Depletion of the fuel during the life of the plant tends to 
decrease the reactivity continuously. Here depletion refers 
to both uranium consumption and long-term fission product 
poisoning. It is this depletion effect together with the 
amount of control reactivity available which determines the 
lifetime of the reactor. 

The concentration of xenon is a nonlinear function of the 
power level. Variations in concentration occur very slowly, 
the characteristic time constant being in the neighborhood 
of nine hours. Although the effect on reactivity is slow, the 
magnitude of the effect is quite significant and presents a 
serious control problem. Furthermore, it has been shown 
that unless the negative temperature coefficient is large 
enough, the feedback effect of xenon causes instability.? 
Fig. 3 shows this instability for a reactor having a nega- 
tive temperature coefficient which is only 10 per cent 
smaller than the value needed for stability. Instability at 
such a low frequency is important only in plants which 
are expected to regulate themselves over long periods of 
time. 

The equilibrium concentration of xenon is almost inde- 
pendent of thermal flux level, for values greater than 10 
cm~? sec™!, The effect of equilibrium xenon on reactivity 
varies from one reactor to another, and amounts to between 
0.03 and 0.06 (reactivity). After starting up a reactor, ini- 
tially free of xenon, reactivity compensation must be made 
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burn-out effect predominates and is proportional to the | noes 
product of flux level and concentration. Thus, the maxi- 
mum burn-out rate is proportional to the square of the de- 


sign flux level. At 10 flux the maximum xenon reactivity TEMPERATURE | none erine 
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rate is in the neighborhood of 0.5 K 10~*/sec to 10~‘4/sec. EACH aa iad aaa 
Xenon reactivity rates of this magnitude equal or exceed 10°F ROS 
rates needed for control of power transients. Thus, tran- 
sients in xenon concentration often present the most serious Fig. 5. Reactor power and temperature control system for pres- 
. : surized water-cooled reactor. 
control problem. 


The problem of start-up is complicated because of the ex- 
ponential behavior of a reactor. Start-up transients involve 


many decades of flux level beginning at the shutdown level 





determined by the extraneous neutron source strength and 
the degree of subcriticality and extending into the operat- 
ing power range. Care must be exercised so as not to obtain 


too fast a reactor period (inverse logarithmic derivative) as 





the operating power range is approached. When reac- 
tivity is inserted at a constant rate the period obtained de- 


pends primarily on the reactivity rate, and also on the initial 





amount of shutdown reactivity, source strength, and the 


mean neutron lifetime. The safety problem is minimized 





and the amount of instrumentation required may be reduced 
if the reactor has a strong negative temperature coefficient 
of reactivity. When power transients enter the operating 
power range, the degenerative feedback of the temperature | : =: fel 
; ee ‘ Fig. 6. PWR control system response to step reduction in steam 
rise limits the peak pores obtained. load from 100 to 84 per cent. 

[he effect of the state of the coolant may be described in 
terms of a temperature coefficient of reactivity and a pres- 
sure coefficient of reactivity. Any nuclear dependence on 
temperature may be lumped into the temperature coef- 
ficient. 





The pressure coefficient is positive, introducing regenera- 
tive feedback which implies a stability problem. Fortu- 
nately, the pressure coefficient is usually small and a pressur- 
izer is employed to reduce pressure variations. Nevertheless, 
the effect can be significant in plants where pressure is per- 
mitted to vary over a wide range and in boiling reactors 
where there is a strong dependence on pressure. 


The temperature coefficient is usually negative, introduc- 


) 


' 
™m 
ONO! 


ing degenerative feedback. Reactors with a negative tem- 


r 





perature coefficient of reactivity are more easily controlled, 


because of their tendency to regulate themselves. The ef- 
fect can be sufficiently strong to permit changes in power 
level with no external control of the reactivity. The charac- 
teristic time constant of this type of control is a function of 


the primary-loop circulation time. 





A Spectrum of Control Problems. Considering the performance 
requirements and the inherent reactivity feedback effects, Fig. 7. PWR control system response to step reduction in steam 
one finds that the control problems may be subdivided on a _ load from 100 to 25 per cent. 
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Fig. 8. 


activity. 


PWR control system response to fixed-rate change in re- 


Compensation for fuel depletion re- 
Control of 
xenon transients requires faster compensation and introduces 


frequency spectrum. 


quires extremely slow reactivity adjustment. 


a stability problem in the neighborhood of 1 to 2 cycles per 
day.” The problem of adjustment to changes in steam load 
falls still higher in the spectrum of control problems. The 
duration of such load transients is determined primarily by 
the coolant circulation time. Finally, accident considera- 
tions fall at the high end of the spectrum. 

Means of Control. All of the control problems mentioned can 
be handled by means of an external control system, either 
manual or automatic. Such external control might employ 
neutron-absorbing control rods, chemical poisons in the 
coolant, or reflector control. Early reactor-plant control 
planning, which has led to present day control systems, in- 
volved these external means for all of the control problems. 

As analyses progressed and operating experience was ob- 
tained, it was found that reactor plants exhibit a fair degree 
of self-regulation. Through the temperature coefficient of 
reactivity, the system response to changes in steam load is 
satisfactory even when no external reactor control is 
applied. 

An economic plant design must optimize the costs of in- 
herent control means, such as burnable poisons and tem- 
perature coefficient and the costs of the external control sys- 
tem. Complexity and reliability enter into such an opti- 
mization, inasmuch as they affect maintenance, insurance, 
operating costs, and firm demand rates. 


CENTRAL STATION REACTOR CONTROL SYSTEM 


Requirements of the Steam Plant 


Most 


energy-production units of the fossil-fuel type have been de- 


1. Steady State. central station steam-electric 


signed for constant steam pressure at all loads in the steady 


The benefits derived are: 


state. 


(a) More economical design of the steam system. 

(b) Simpler throttle governor control. 

(c) Better control of thermal energy storage problems on 
rapid load reduction. 
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(d) Better boiler feed-water control because of the elim- 
ination of variable head. 


Although these objectives are desirable, they are not over- 
riding considerations that prevent design of a steam turbine 
system in which steady-state steam pressure is variable with 
load. The steam pressure is regulated by the combustion 
control equipment to close limits. The needed result is a 
generator output held within +1 per cent of rated value. 
If the steam pressure were not closely regulated, then the 
throttle would need to be adjusted to maintain generator 
output with a consequent cascading of control systems, each 
affecting the other. 
stabilize. 


Such a system would be difficult to 


2. Transient. Load-change requirements for a central 
station turbine are not, in general, as severe as they are for 
ship propulsion. The high-efficiency low-clearance tur- 
bines will not take large rapid increases in load as routine 
practice. 

system to 


as follows: 


The load changes for which the reactor control 
be described was designed are approximately 


(a) + 20 per cent as a step change. 

(b) + 25 percent at 0.5 per cent per second. 

(c) Full load range increase or decrease achieved in 
steps of the foregoing magnitudes, steps spaced to 
provide an over-all rate of 3 per cent per minute. 


These load changes are part of the daily load variations 
imposed on the steam-electric generating unit by the elec- 
trical system load. The variations are of two types: 

(a) A one cycle per 24-hour-day increase and decrease 

of load. 

(b) A minute-by-minute variation of load superim- 

posed on the daily load cycle. These variations are 
usually much smaller in their effect on any unit than 
the + 
going. 


20 per cent step change given in the fore- 
This value may result one or more times a 
day as a result of a coincidence of normal system 
variations. 


In summary it may be said that all normal short-time load 
variations are relatively low in magnitude, not exceeding 20 
per cent. Abnormal, rapid load changes of larger magni- 
tude may occur in a downward direction as a result of elec- 


tric system changes, causing loss of external station load. 


Requirement of the Reactor Plant 


1. Steady State. 
stant at the turbine throttle as load changed, would require 


A steam pressure that remained con- 


of the primary plant that the average temperature of the 
water change with load (Fig. 4). The major effect on the 
reactor plant is that of requiring a large expansion volume 
in the pressurizer. 

Conversely, if reactor plant average temperature were 
maintained constant at all loads, as shown by the curves of 
Fig. 2, a more economical pressurizer could be used. This 
temperature program was selected as the basis of design for 
the control system described later. 


2. Method of Load Change. A reactor must be made to 
change its load by a temporary upset in the criticality rela- 


tionship. The positive or negative reactivity insertion 
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the primary plant should be de- 





signed to allow the temperature 
coefficient to make at least the 
major portion of the nuclear level 
adjustment without assistance 
from rods moving in or out ona 
load change, and then returning 
The 
disadvantage of this approach lies in a more 
response, especially present 


to their original position. 
sluggish 
in the case of large load 
changes. 


Power and Temperature Control System. The system is shown in 
block diagram form in Fig. 5. Since average temperature 
is to be maintained constant, the system measures the tem- 
perature of the water at reactor exit, of the water leaving the 
boiler, averages them, compares the average to a reference, 
and moves rods in response to the error signal thus created. 
Because of the desire for stability of the electric generator 
output at a given throttle setting, a band of +3 F is chosen 
for control limits. This band is restrictive in its require- 
ments on temperature measuring element reproducibility. 
However, if the needed reproducibility of these elements is 
not realized, the band can be relaxed to +5 F without 
great loss in electric generator output stability. 

Even with a control band several times wider than the 
+3 F or +5 F discussed, a damping signal is needed for 
reactor stability because of the high reactivity control rates 
required of the rods for xenon transients under most severe 
conditions. ‘The damping signal used is rate of log-nuclear 
level change. 

The complete control signal then becomes: 

Th 
Error (in degrees F) = 


Y i 


—K= (log N)—Treet 
dt 


> 
-1dN 
: N dt 


ref 


The constant K is a conversion factor to change log N 
units to degrees F and to adjust the gain of this portion of 
the signal. 


The advantages of the foregoing system are: 


(a) It is not dependent on the absolute accuracy 
limitations of either steam flow or nuclear level 

measurements. 

The reliability of the source elements in the control 

system is high, particularly with reference to the 

nuclear signal. In water reactors 


(PWR), with four 7, and four 7, measurements to 


pressurized 
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Fig. 9. Power and temperature control for a mobile reactor. 


choose from, only one of each will be used; these 
will be the highest auctioneered values. 

The rate of log-level change is most appropriate for 
providing for reactor stability because of its rapid 
response to reactor changes. For this reason also, 
it is most sensitive to reactivity changes produced 
by inadvertent rod motion or water temperature 
transients created by loop valve and pump opera- 
tion. 

Lacking a steam flow signal, the system does not 
respond immediately to low magnitude load 
changes but allows the temperature coefficient to 
change the load. 

By using 7, at the boiler exit, large load changes, 
such as for sudden loss of all or most of the load 


c 


on the steam plant, will produce a strong control 

error signal before the temperature coefficient can 

make a change. 

Xenon reactivity changes, producing temperature 

errors as their first and most pronounced effect, 

are corrected by the temperature measuring system 
Predicted Performance. Figs. 6 through 8 show electri 
analogue simulator results for this control system. ‘The 
temperature coefficient assumed for these curves is —1 x 
Fig. 6 


shows the response of the system to a step reduction in 


10~ per degree F. Coolant flow is 100 per cent. 


steam load demand of 16 percent. The curves show steam 
flow, average temperature error, damping signal strength, 
No control 


7 shows a step load 


control reactivity insertion, and reactor power. 
reactivity change was required. Fig. 
reduction of 75 per cent. Control reactivity change was 
initiated by the system to assist the temperature coefficient. 

Fig. 8 shows the response of the system to a fixed rate of 
change in reactivity that might be produced by a xenon 


reduction following a load increase. 
MOBILE REACTOR CONTROL SYSTEM 


Operational Requirements. The operational requirements of a 
mobile nuclear power plant for ship propulsion distinguish 
the control from that of a control station nuclear power 
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plant. Several of the more important of these are given. 
First, the maximum rates of change of power are determined 
by the maneuverability of the vessel. The relation between 
ship’s speed and propeller revolutions per minute define a 
rate of change of power that will give the maximum acceler- 
The 


emergency reversal of the propellers defines the worst case, 


ation without slippage of the propeller. need for 


wherein the power output cycle will go from full to mini- 


mum self-sustaining to full in a time of the order of several 


tens of seconds. Second, the characteristics of the reactor 


core, primarily the concentration of transient xenon, 


should not limit the available power of the plant. This 
requires that the reactor be capable of being brought critical 
iny attainable concentration of xenon. Full power 
be produced with any concentration of xenon and the 
system must give adequate protection even though 
he xenon concentration may produce flux pattern dis- 
the 


Third, the large and rapid disturbances in reactivity follow- 


tions and consequent “hot spots” within core. 


ng a change in power level resulting from the changing 
concentration must be overridden by the control 


so that plant maneuverability is not prejudiced. 


Meth d of ( ontrol. 


yower and temperature control may follow two different 


mperature 


The design of the reactor 
ethods rhe first is to oversize the pressurizer so that 
increases in reactor temperature will expel water from 
with 


ne Core 


a relatively small accompanying pressure 
urge. Since the temperature coefficient of reactivity is 

irily dependent upon the expansion of water as the 
l¢ mpel 


ture increases, this system permits a power change 


to pe 


effected by the temperature coefficient; the control 


ods need not be moved. ‘The control system moves rods 


in response to changes in reactor temperature; the 
x power control is built into the reactor, pressurizer, 
yilers. 


The method provides a simplified control 


ut places requirements on the design of the pres- 
nd the core with respect to requiring a minimum 
ire coeflicient, and upon the entire plant since 
wide transient swings in reactor temperature and 


| pressure are experienced 
Regulation Method. A 


s be itilized where no essential dependence is placed 


second method of control 


on the temperature coefficient (Fig. 9). This method 


lizes a con putation of the required plant power from 

irements of steam-flow rate and reactor temperature, 
he generated power is held equal to this by a measurement 
The 
but 


the flux level and positioning of the control rods. 


resulting control system utilizes more components 


close 


transient and steady-state temperature regulation is 


possible. the transient peaks in powe! level are reduced, 


the requirements for the pressurizer and core designs 
reduced. The result is a more flexible control system 


] 


adaptable to a wide variety of reactor plants and operating 


Maitions 


control is illustrated in 


Che 


op, the N-loop, and a major closed loop, the No-loop. 


[his method of the 


system consists of a minor closed 


detail by 
unple in Fig. 9. 


The N-loop controls the nuclear chain reaction by moving 


the control rods through an in-hold-out rod control. This 
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maintains the generated nuclear power, N, equal to the 
power demand, No. The characteristic frequency of the 
N-loop is much higher than that of the No-loop which 
minimizes the interaction effect on control system stability. 

The No-loop controls the generated nuclear power level, 
N, through the N-loop so that the generated power is equal 
to the thermal power as measured by the steam flow signal 
F, and maintains 7, the value. Reset 
(or integration) of the 7, signal is not used inasmuch as the 
system is more stable without reset. The 


tion of fF, and N are not large enough 


near reference 
errors in calibra- 
to require reset. 
The principal control equations are: 


Ny =K,F,+K: reference (T.—T-) 


— a 
<a, 
/ , dt 


Where 
pc is the reactivity of the control rods 


dpe 
>0 represents rods moving out of the reactor core 
dt 


Pe ae 
—<0 represents rods mov ing into the reactor core. 
dt 

As shown in Fig. 9, the temperature coefficient of reac- 
tivity represents an interaction between the N and No 
the 
frequency of the N-loop and is a stabilizing quantity. 


loops. A negative coefficient reduces characteristic 
The system is, however, adaptable by adjustment of the 
constants in the control equations to a wide variety of 
reactor plants. Equipment requirements for this system 


have been described previously.‘ 


SUMMARY 


CHOICE OF PLANT PARAMETERS, such as temperature 


programming, pressurizer size, and reactor design param- 
eters affecting temperature coefficient, have been shown 
to determine requirements for the reactor power and 
temperature controls. ‘The controls for a central station 
and mobile reactor have been described, indicating the 
extremes in what would be required for manual or auto- 
matic control, one a simple temperature reset and the 
other a the 
reactor necessarily leads to the choice of the system and 


power-regulating system. Application of 


determines its operational requirements. 
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Charging-Current Limitations in Cable Lines 


S. SCHIFREEN 


MEMBER AIEIE 


HE CAPABILITY of high-voltage cable lines to de- 

liver power diminishes rapidly as the length of line 
increases. ‘This is shown in Fig. 1 which is valid for the 
cable sizes commonly used for operation at 132 kilovolts 
and higher voltages. Rough approximations for general 
use may also be taken from these curves for 66-kv cables, 
but new curves would have to be prepared for greater than 
15-per-cent accuracy. 

The envelope of the family of curves in Fig. 1 shows that 
the magnitudes of the diminishing maximum permissible 
values of power output occur at diminishing values of 
lagging load power factor as the length of the cable line 
increases. In constructing these curves, the 3-phase 
thermal rating of the cable-line as determined from its 
maximum permissible conductor current and its nominal 


The 


length of cable line equals the length of cable line whose 


system voltage was taken as the base power. base 
charging current is equal in magnitude to the maximum 
permissible conductor current. 


For a 2-million circular mil, 220-kv, 


pipe-type cable in- 
stalled under conditions which limit its rating to 250,000 
A similar 66-kv 


110,000 kva, but its base length is 


kva, the base length is 29 miles. cable 


line would be rated 
61 miles since its charging reactive power per mile is only 
that of the 220-kv 


mum transmission distances for high-voltage cable lines are 


one fifth cable. ‘Therefore, the maxi- 


less than those permissible at lower system voltages. This is 
in marked contrast with the experience with aerial trans- 
mission lines where higher system voltages allow greater 
transmission distances. 

The permissible range of power output becomes limited 
as the length of the cable line approaches the base length. 
A line of 1.0 per unit length may deliver no power to a 
unity power factor load nor to any leading power factor 
load. As the length of the cable line is extended beyond 
the base length, only lagging power factor loads may be 
supplied and the cables would be overloaded not only if 
they were permitted to deliver any power at power factors 
whose values are greater than a definite value for each line 
length, but also if the power output were permitted to drop 
below a definite minimum value for each allowable power 
factor for the respective lengths. 

The inherent charging reactive power of a cable line 
may be utilized to deliver vars to the system in varying 


5 


amounts at both ends. This is shown in Fig. 2 which also 


provides a convenient measure of the capabilities of cable 


lines to transmit an excess in generation of vars, over and 


above those inherent in the cable itself, from the portion of 
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Fig. 1. 
Curved lines apply for sending-end current equal to rated or base 


Power transmission limits of high-voltage cable lines. 


current of cable; horizontal lines, receiving-end current equal to 
rated or base current of cable. 
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Fig. 2. Permissible variation in per unit vars delivered to electric 
system at each terminal of cable line for a given power transmis- 
sion. 


the system at one end of the line to the portion of the system 


at the other end. Since sufficient accuracy for illustrative 
purposes may be obtained, the series impedance of the lines 
was neglected when computing the values for this figure. 
Base vars, equal in magnitude to base power, are used as 
parameter of Fig. 2 in addition to base power and bas 
length which were used in Fig. 1. 

It can be seen that any cable line of 1.0 per unit length or 
longer may not transmit vars regardless of the magnitude of 
power transmission if the cables are not to be overloaded. 
This comes from the fact that the actual transmission of vars 
over the cable line can occur only when positive vars are 
delivered from the system to the line at one end and from 


the cable to the system at the other end. 
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San Francisco’s 


Proposed Interurban Transit System 


J. C. BECKETT 


MEMBER AIEE 


The people by the Golden Gate are taking posi- 
tive steps to create an efficient transportation 
system. A publicly owned interurban mass 
rapid transit system, designed to eliminate the 
time-wasting and hazardous traffic situation 
common to today’s urban centers, has been rec- 
ommended and is receiving strong support. 


HE AMERICAN PEOPLE want, above all, their 
tise —including freedom to travel at any time and 

place, and with great speed. The private automobile 
has given expression to this freedom of movement to the 
point that there is now in California almost one car for 
every two people in the state. The result in cities like 
San Francisco and Oakland has been the same as in cities 
all over the United States—congestion, irritation, and 
The loss in man-hours and the cost of pro- 
viding parking facilities for so many private cars can 


frustration. 


hardly be estimated. It is plain that if the trend con- 


tinues, the greatest advantage of the automobile, freedom 
to move as one pleases, will be lost. 

It is only proper that the engineer should find the solu- 
tion. At his command are not only the tools to do the job, 
but also the full understanding of the problem: 
people rather than vehicles.” Engineers are frequently 
called in to make specific studies of individual traffic prob- 
lems, but seldom are they given the chance to study the 
problem as a whole for a large metropolitan area. 


**to move 


THE RAPID TRANSIT COMMISSION 


FIVE YEARS HAVE PASSED since the San Francisco Bay 
Area Rapid Transit Commission was created by the Cali- 
fornia State Legislature. This body was set up with 
representatives appointed from each of the nine Bay area 
counties, half by Boards of Supervisors of the counties, and 
half by the Governor—26 men in all. There were no limi- 
tations or restrictions on how the study should be made, 
except perhaps one—an initial appropriation of only 
$50,000 to do the job. This was barely enough to hire an 


executive secretary, open an 


office and complete a_prelimi- 





nary study analyzing the magni- 


tude of the problem and present- 





ing a program to follow. The 


Commissioners receive 








no pay 
and meet at least once a month 











at their own expense. 


| The first big step was to make 
4 
} 





PASSENGERS 


INBOUND 


VOLUMES PER HALF HOUR 


PERSONS IN MASS TRANS! 


PASSENGER TRAFFI 


| 





a comprehensive study of the 7,000 
square-mile area 
where people live, where they 
work, to estimate the probable 
future growth and development, 
and from this information deter- 
mine how the people of the area 
can best move about with the 
least personal inconvenience, at 
The Com- 
mission asked the State Legisla- 
ture for approval of the plan with 
a suggestion that the State pro- 


; 
to determine 


meets ees 
TOTAL PASSENGERS 


a reasonable cost. 








vide $400,000 of the cost and the 
nine counties $350,000. The 














plan was approved in June, 1953. 

















Fig. 1. 
Francisco Peninsula Gateway, 1954. 
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Fluctuation of interurban traffic volumes during typical weekday at the San 


Beckett—Transit System 


A special article recommended for publication 
by the AIEE Committee on Land Transpor 
tation 


J. C. Beckett is chief engineer, Wesix Electric 
Heater Company, San Francisco, Calif., and a 
member of the San Francisco Bay Area Rapid 
Transit Commission. 
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MAKING THE STUDY 


NEXT CAME A MAJOR TASK of the Commission, that of 


finding an engineering firm with sufficient experience and 
an unusual amount of perception to study the problem from 
many points of view—within a budget of $610,000. It was 
recognized that some of the qualified firms available were 
handicapped by having made limited studies in the Bay 
area before. Through no fault of their own they had been 
restricted to a study of a part of the problem, a subway for 
the City of San Francisco, a second Bay bridge crossing, or 
some single traffic bottleneck, without consideration for the 
over-all picture. Decisions in these smaller studies were 
necessarily made on the assumption that other conditions 
remained fixed, a mistaken notion of the governmental 
agency or group ordering the study. 

Here was an opportunity the Bay area had never before 
had and might not soon get again: 
prehensive study of the entire 


metropolitan area, including its 


one complete com- 


present needs and probable future 
development over the next 35 
years. It is hard to change a de- 
cision already made public even 
though a new opportunity is pro- 
The 


engineering firm for this study 


vided to obtain more facts. 


had to be one with no previous 
decisions to defend. 

The partnership of Parsons, 
Brinckerhoff, Hall, and Mac- 
donald of New York City met all 
of the 
tained for their associates, at the 


requirements. They re- 
Commission’s suggestion, planning 
Adams, 
and Greeley of Boston, and transit 
engineers, Gibbs and Hill, Inc., 
of New York. 


quired more than two years to 


consultants, Howard, 


The study re- 

; ‘ SAN FRANCISC 

complete, and took into considera- 

tion every known means of trans- 

portation, including Germany’s 

monorail, and modern _helicop- 

ters. 
The 

withdraw 

to make its study. Its 


Parsons firm did _ not 


ivory tower 
repre- 
sentatives frequently met with the 
Committee of the 
Commission and gave a progress 
each 


into an 


Engineering 
report at monthly Com- 
Many engineers 
judge 
procedure to be risky 


mission meeting. 


and executives such a 
too much 
chance for misunderstanding and 
for political opposition to set in 
before the study could be com- 
pleted. 

The Commission took the view 


that ideas must 


Fig. 2. 
be aired while 


JUNE 1956 


SANTA ROSA 
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the study is in progress so as to draw out all possible 
viewpoints. The risk of confusion had to be taken if the 
report was to include the answer to all major questions and 
alternatives. This was not a study that would inevitably 
conclude with one possible solution. There are alternatives 
involving both public policy and the standard of living de- 
sired for the area. The engineer is frequently misunder- 
stood on this point when asked to give a recommendation. 
One newspaper stated flatly that the 
engineers must prove that their recommendation is the only 


reasonable solution. 


San _ Francisco 
This newspaper seemed to think engi- 
neers are theorists rather than men applying technical skill, 
knowledge, and judgment to community problems. 


THE RECOMMENDATIONS 


THE FINAL ENGINEERING 


January 5, 1956. 


REPORT was completed on 
It contains a recommendation for a 
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Routes of the proposed San Francisco Bay area rapid transit interurban system, show- 
ing recommended construction stages. 
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123-mile interurban grade-separated mass rapid transit 


system involving $875 million to cover the first phase of 
construction, rolling stock, and interest charges of 2!/2 per 
cent. ‘This includes costly downtown terminal facilities, 
an underwater tube, numerous tunnels, both subway and 
elevated structures, as well as suburban stations with large 
The that 
electric trains are essential in order to meet the peak re- 


parking areas for automobiles. report states 


quirements occurring twice each weekday (Fig. 1). These 
trains will operate at an average scheduled speed of 45 
miles per hour, including station stops. This is accom- 
plished by providing an arterial system with infrequent 
stops and using the automobile as the principal feeder, 
supplemented by local transit in the larger communities 
(Fig. 2 

It differs from any previous transit facility in that it is 
interurban in character and designed to compete with and 
complement the automobile. Stations are spaced an av- 


of 2 miles apart, with trains achieving 70 miles 


‘rage 
per hour and making all stops. During peak travel hours 
trains will operate every 90 seconds and the system will move 
people traveling between communities faster than they can 
now travel by private automobile, including the time it 
takes to get from home to the transit suburban station and 
from the transit terminal to the office or factory (Fig. 3). 
Speed and comfort are emphasized as prerequisites to suc- 
cess in enticing the commuter out of his automobile. 
During the off-peak hours trains will operate at least 
every 15 minutes so that a timetable becomes unnecessary 


for the user. 


Waiting on the station platform is kept to a 


minimum, with ample parking facilities in all suburban 


SANTA ROSA 


station areas. 
the entire area and making it possible to move freely from 


The proposal is for a complete system serving 


one major section to another, with convenient transfer 
points in central areas. This is essential if ‘“Shabit of use”’ 


is to become second nature for a majority of commuters. 


GEOGRAPHY 


GEOGRAPHY is an important consideration in any plan, 
particularly in the San Francisco area. Mountain ranges 
rise to more than 2,000 feet in many spots in the several 
counties. Most important, however, is the Bay itself lying 
geographically in the center of the greater metropolitan 
area. The Bay presents engineering problems in com- 
munications and travel, but in this case it has been an asset 
It is as if the Bay 
had been set aside years ago to limit congestion from con- 


in the design of a rapid transit system. 
centrating in the central area. Thus, it is possible for two 
large cities, San Francisco and Oakland, to be brought 
within 11 minutes of each other. This is less time than 
it takes to get from uptown to downtown New York. 
The Bay forms a central open core around which centers 
and subcenters can be linked together with a simple trunk 
transit system. 

Other areas have not been so fortunate. Los Angeles, 
for example, sprawls in all directions with no means of 
establishing a grade-separated network short of extensive 
condemnation of valuable improved property, and with no 
established pattern of major traffic movement which will 
The 


panying route map shows how the main gateways of travel 


permit a reasonable cost arterial system. accom- 


in the Bay area can be served by a rapid transit system. 
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Fig. 4. 


ENGINEERING INGENUITY 


PERHAPS THE MOST DRAMATIC FEATURE Of the plan is the 
recommendation for a 4-mile long, $80 million underwater 
of San 


tube beginning in the financial center Francisco 


and extending in almost a straight line toward the heart of 


Oakland. The 


phasized by the notation of the engineers that this would be 


boldness of this recommendation is em- 


the “‘optimum plan’’—as distinguished from a “‘minimum 
plan” calling for use of the present Bay Bridge with neces- 
sary speed restrictions and a circuitous route. The cost of 
a subaqueous tube is quite reasonable as compared with tube 
need for 


construction for motor vehicles, because of the 


only two lanes of travel and no major ventilation problem. 


The underwater tube permits a convenient direct con- 
nection with the major subway system in San Francisco, 
with no serious differences in elevation and no speed re- 
strictions. 

Modern subway construction is preferred in downtown 
areas where the cost of widening narrow streets for elevated 
that 
elevateds are esthetically intolerable unless given setting 
Sub- 
ways make it possible to build large terminal facilities 


structures is prohibitive. Engineers have learned 


with ample space from other conflicting structures. 


adequate to handle the movement of thousands of people 
simultaneously. Large elevated terminals are awkward at 
best, and unless made an integral part of adjacent buildings 
are unsuitable for downtown locations. 

In outlying areas, where elevated structure is to be used, 
it will be modern pedestal type of concrete supported along 
a center strip of the existing road with a minimum width 
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Artist’s conception of suspended-train (monorail) system in operation. 


of the road specified as 104 feet. In this way, 


yOstruction 
of light will be minimized and the general appearance in 
relation to buildings will be attractive. 

Two basic types of equipment have been consider 
conventional 600-volt d-c, electrically propelled train 
**monorail 


Fig 


For the Bay area the suspended system has been 


modern design, and a suspended or 


using 2,300-volt, 3-phase, squirrel-cage motors 


judged less desirable because of a lack of flexibility f 


interurban system. This equipment cannot run 


ground; it must be supported on an overhead structure 


There are numerous sections in the Bay area where fencec 


right-of-way initially is entirely suitable without going 


to the much more expensive alternative of overhead 
pension. Perhaps in other urban centers such as 
Angeles the “‘monorail” system will be preferred since the 
existing arterial grid pattern there will make it mandatory 
toremain elevated. The Bay area however, is characterized 
by communities connected by routes paralleling the Bay or 


mountain ranges, with little cross traffic. 


the 
proposed propulsion equipment for the suspended system. 


Of interest to the electrical engineer, however, is 
The cars are suspended from two narrow-gauge trucks, 
each equipped with a single 200-hp, 1,800-rpm, 3-phase, 60- 
cycle squirrel-cage induction-type motor, with a hydraulic 
torque connected to each end of the 


converter motor 


(Fig. 5). The induction motor comes up to speed very 
rapidly since the converter does not exert its maximum 
drag on the motor until the latter reaches a speed approxi- 


mately 97.5 per cent of synchronous speed and well above 
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Fig. 5. 


Motor 

Torque converter 

Gear case 

Hypoid and reverse gear case 
Resilient wheels 

Resilient mounting 
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SCNAULWHN = 


Steel plate box girder 
Ventilation opening 
Supporting pylons 
Car suspension 

Brake disks 

Cor 

Cable tray 


Courtesy Gibbs and Hill, Inc. 


Although suspended trains have not been recommended for the Bay area, this sketch illustrates a proposal for use of a-c drive 


with a squirrel-cage induction-type motor on each truck and hydraulic torque converters connected to each end of the motor. 


the breakdown torque. Good acceleration is provided with 
complete elimination of a-c to d-c conversion equipment. 
rhis equipment is particularly adaptable to the suspended 
system the 


proved desirable features of an overhead collecting system 


with the box girder track structure because 


are neatly provided within the girder. The same elec- 


trical system can be provided for a conventionally sup- 
ported train system without overhead structure, but the 
3-phase pickup becomes complicated. In this study, un- 
sightly wires and associated equipment were ruled out as 
unacceptable to the people of the area. 

Electronic train control equipment has been included as 


essential to a modern transit thus ensuring the 


system, 
safety of operation on a minimum headway of 90 seconds. 
One man will be provided in a control position at the front 


of the train for continuous observation of the right-of-way 


ahead, with emergency procedures at his command to stop 
Normally 


the electronic equipment will control the trains’ movements, 


the train in the event of unusual situations. 
including reduction of speed on curves, stopping, and 
berthing. 

Communication by radio telephone between trains and 
dispatchers, passenger stations, power directors and sub- 
stations is accomplished using ultrahigh-frequency radio 
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In the cost estimate $11,100 was included for 
communication and signaling equipment on each end car. 


stations. 


REDUCTION OF NOISE AND AIR POLLUTION 


SERIOUS CONSIDERATION has been given to the desirability 
of keeping noise to a minimum. During the Commis- 
sion’s deliberations with the engineers, strong opposition 
was voiced by the Commissioners to any transit equipment 
that resembled existing facilities in other cities, both in 
appearance and noise. High standards were set to ensure 
against appreciable noise, either to the passenger or those 
located close to the right-of-way. 

Pneumatic tires are being given serious consideration, with 
tests recommended to determine the noise level of modern 
steel wheels and the improvement which can be expected 
using conventional rubber tires with steel guide flanges 
(Fig. 6). 

Though not mentioned in the engineers’ report, the 
Commission is well aware of the desirability of electric 
propulsion as a direct means of eliminating a major source 
of air pollution. Automobile engines operating at low 
speeds or idling introduce enormous quantities of objec- 
This 


fact has been thoroughly substantiated in Los Angeles 


tionable material into the atmosphere of our cities. 
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where the automobile density is the highest in the world. 
Mass rapid transit for commuters will eliminate a large 
number of cars from coming into the downtown area and 
will reduce traffic congestion for those who must come in, 
thereby reducing the amount of toxic material generated 
from these cars by keeping them moving. 

Modern cities have many problems, but two of the 
biggest are traffic and air pollution. Modern mass rapid 
transit hits at both of them as well as at the source of the 
trouble. 


COST OF CONSTRUCTION 

THE PROPOSED RAPID TRANSIT SYSTEM for the San Fran- 
cisco Bay area looks well into the future needs of the area. The 
first phase construction is estimated to cost $716.5 million, 
adequate for future needs at least through the year 1970; 
it includes the cost of the subaqueous tube between these 
cities and all of the capital costs to serve the communities 
within approximately 30 miles of the central core. The 
second phase construction will extend the system to include 
a loop around the southern end of the Bay and additional 
subcenters. This will cost an additional $112 million. 

Ultimately, the system will link together all of the centers 
and subcenters of the area, including cross connections at 
the north and south ends of the Bay. The total capital 
costs may reach $1.5 billion spread over 35 years. Initially, 
this means an annual debt service of between $31 million 
and $33 million. This compares favorably with present 
expenditures on state highways in the same area of nearly 
$50 million annually. Freeway construction is becoming 
increasingly expensive as new rights-of-way become 
harder to obtain, not to mention the loss in productivity of 
land condemned for freeways or expressways, or the cost of 
garages in downtown areas. 

The foregoing capital costs do not include rolling stock. 
Gross revenues are estimated to be sufficient to defray the 
full expense of operation and all rolling stock debt service 
charges with a small surplus remaining. Fares have been 
designed to compete with out-of-pocket costs of automobile 
travel for equivalent distances, taking into consideration 
parking fees and tolls but not depreciation, financing 
charges, insurance, license, registration, maintenance, etc. 
A zone system of fares has been recommended with collec- 
tion by turnstiles, so as to minimize delay. 

Capital costs of construction will have to be paid by 
means of a tax subsidy rather than revenue from fares. 
This may come as a shock to some but the alternative will 
be far more painful. A modern interurban transit system 
to serve the entire metropolitan area, having adequate park- 
ing facilities, fast, safe equipment, and convenient schedules, 
cannot be provided through reasonable fares alone. In- 
creases in gas taxes are being felt as a result of the enormous 
freeway construction program involving costs of $8 million 
to $10 million per mile. Additional freeways, just to take 
care of the traffic peaks, are many times more costly than a 
good transit system. The motorist will benefit from transit 
by lower costs for freeway construction and no traffic con- 
gestion. will be off the road 
and out of the downtown garages, leaving room for those 


who must drive to their destinations. 


The commuter ‘“‘dead heads” 
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Fig. 6. 
system, showing steel guide wheel and rails. 


Design for the application of rubber tires to supported 


METHODS OF FINANCING 

‘THERE IS GENERAL AGREEMENT that rapid mass transit is 
the only practical solution for the Bay area, but it will take 
several months yet to agree on how it should be financed. 

The most reasonable solution appears to be a dual source 
of sales and property tax. Alternate sources have been 
considered, including an additional gasoline tax for the 
area. Bridge tolls from the several toll crossings could 
also provide revenue besides making it possible to control 
the flow of commuter automobiles to a limited degree. 

State and Federal sources were considered but rejected 
as being either too expensive to administer or too uncertain 
and in conflict with the basic observation that the nine 
counties are better able themselves to raise the necessary 
funds. 


ways could logically include right-of-way width for rapid 
transit. 


It was noted, however, that Federal aid to high- 


The nature of the governing body to administer and con- 
struct the San Francisco Bay Area Rapid Transit System is 
still in doubt, but it will very likely be relatively autono- 
mous and free from much political pressure. If the present 
program goes according to schedule, the first phase could 
be complete and operating by 1962. This allows two years 
to enact legislation for tax subsidy and four years for 
actual construction. 

The success of the project depends to a great degree on 
the ability of the engineers to tell accurately what transit 
can do for the area in terms of increased property values, 
more business activity, and a more flexible labor supply 
Convenient and efficient transportation will bring sig- 
nificant returns to those having to invest in it, but few will 
ever know the story unless the engineer takes an active part 
at the community level. 

Of seerningly conflicting interest is the preservation of the 
natural beauty of San Francisco Bay and maintenance of 
some of the rural aspects of the area. ‘This is possible with 
a modern transit system that moves people instead of 
vehicles, but it is a hopeless wish if we settle for more and 
more multilane highways with the ever increasing health 
hazard from air pollution. 
want the San Francisco Bay area to grow, but these same 


Intelligent business people 
people inwardly resent the loss of freedom and space that 
Careful 
planning of the future needs of the community is a responsi- 


has become axiomatic with the horsepower age. 


The things that cost us most in 
the long run are usually those we fail to do. 


bility of every engineer. 
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High-Speed Magnetic Servo Amplifier Measurements 


W. A. GEYGER 


MEMBER AIEE 


AGNETIC SERVO AMPLIFIERS, 


4 various forms of full-wave or half-wave push-pull cir- 


based upon 
cuits, have been successfully applied in the realm of instru- 
mentation and automatic control; and they have proved 
to be particularly suitable for use in high-performance in- 
strument type servos for remote positioning applications. 
Another possibility is the use of such amplifiers in the oper- 
ation of high-speed self-balancing potentiometers. 

The designer, when investigating output-input charac- 
teristics of magnetic servo amplifiers with 2-phase motor 
load, faces an important problem. He must consider the 
fact that the output current of a magnetic amplifier with 
rectangular-hysteresis-loop core material is, in general, 
highly nonsinusoidal. It represents a peculiarly truncated 
sine wave which consists of a fundamental (for example, 


60- or 400-cycle 


component and an array of harmonics 


The 


cited 2-phase motor, however, responds only to the funda- 


having relatively large magnitudes. separately ex- 


mental component of this output current multiplied by the 
sine of the actual phase angle between it and the substan- 
tially sinusoidal line-field current of the motor. Therefore, 


1 conventional method for measuring this fundamental 
component consists in applying a single-phase wattmeter 
which is separately excited by means of a sinusoidal auxili- 
Chis 


however, does not consider those effects on the operation 


ary current of fundamental frequency method, 
of the motor which are caused by phase-angle variations in 
the magnetic-amplifier output circuit. 

In order to make possible the correct measurement of 
characteristics on such the 


output-input arrangements, 


*“‘torque-balance method’? was developed. It is based 
upon a comparison of the actual magnetic-amplifier output 
voltage with a continuously adjustable sinusoidal auxiliary 
voltage which has fixed phase relationship with respect to 


the power-supply voltage, preferably corresponding to 


maximum-torque operating conditions. When applying 
the torque-balance method, the rotor shaft of the “‘load 
motor” supplied from the magnetic amplifier under test 
will be flexibly coupled with the rotor shaft of an identical 
“balancing motor’ supplied from a variable transformer. 
Measurement of output-input characteristics can be 
achieved by varying the signal voltage on the input of the 
amplifier, and adjusting the variable transformer, i.e., the 
sinusoidal control voltage of the balancing motor, so that 
actual torque of the load motor is balanced by that of the 
balancing motor 

Evidently, the torque-balance method offers the possi- 
bility of determining that value of sinusoidal voltage which 
produces on the 2-phase motor exactly the same torque as 
the actual highly nonsinusoidal output of the magnetic am- 
plifier under test. This method permits direct measure- 
ment of magnetic-amplifier output in terms of the “‘equiva- 
lent sinusoidal output voltage.’ Graphical presentation of 
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output-input characteristics consists then in plotting the 
equivalent sinusoidal output voltage against signal voltage, 
preferably with various circuit parameters. 

Another problem is that the transient-response time of 
modern forms of magnetic servo amplifiers is roughly one to 
For this 
reason, it is advisable to employ a transient analyzer which 


four half-cycles of the power-supply frequency. 


produces a synchronous square-wave signal voltage and 
permits direct visual observation of a stationary pattern on a 
dual-beam oscilloscope. However, application of the 
simple magnetic-amplifier transient analyzer! employing a 
synchronously operated mechanical switch is limited to low 
power-supply frequencies where a mechanical switch can be 
operated in a reliable way. It is, therefore, necessary to 
provide another arrangement which may be used equally 
well in the range of higher power-supply frequencies; for 
example, those derived from magnetic frequency multi- 
pliers.” 

A novel form of square-wave signal-voltage transient 
analyzer is based upon the use of a ‘‘magnetic switch.” It 
consists essentially of a special saturable-reactor circuit pro- 
ducing a synchronous unidirectional current with nearly 
rectangular wave shape. When applying this transient 
analyzer, the magnetic amplifier under test may be sup- 
plied from the 180-cycle output of a 60/180-cycle 3-phase 
type of magnetic frequency tripler, the input of which is sup- 
plied from the 60-cycle power supply feeding the saturable- 
reactor Circuit acting as a magnetic switch. Operation of 
this circuit is based upon the fact that the actual wave shape 
of the alternating (load) current of an ordinary saturable 
reactor (“‘transductor’’) is nearly rectangular, if the control 
circuit loop carrying constant direct current represents a 
very high impedance with regard to even-harmonic cur- 
rents. In this case, these even-harmonic currents are sup- 
pressed, and the magnetic-switch circuit does operate under 
forced-magnetization conditions. 

This magnetic-switch transient analyzer has proved to be 
a valuable tool for experimental studies on the dynamic prop- 
erties of high-speed, single-stage, self-balancing magnetic 
servo amplifiers,’ particularly those having full response to a 
sudden change of input-signal voltage within the time of one 


half cycle of the power-supply frequency. 
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Potentialities of Atomic Power 


W. F. LIBBY 


As world population increases and deposits of 
coal, oil, and gas are depleted, the need for new 
sources of electric power becomes apparent. 
Suggestions are presented for bridging some of 
the potential gaps in our atomic energy program. 


HE AMERICAN BUSINESS ECONOMY has many 
Gf vart markers—the Gross National Product, the num- 

ber of car-loadings, the Dow-Jones stock averages to- 
gether with the dollar value of “short”? money, the tonnage 
of steel produced, and the installed electrical generating 
capacity in this country. These are the indexes to which 
we look customarily and which We add algebraically to 
obtain a response to the question “How is America today?” 
The 
world’s population is increasing rapidly, and we estimate 
This 


number is increasing at the rate of 20 million per year, so 


But there is one index that transcends all others. 
that there are now about 2.5 billion people alive. 
that by the year 2000 the world’s population may be at 


least 4 The 


American continent alone is about 190 million, and the rate 


billion. present population of the North 
of increase is about 1.6 per cent per year, or 3 million people 
annually. 

Three million new individuals are to be supplied in the 
United States, Canada, and Mexico with all the necessities 


of life- 


and consuming goods. 


3 million people in addition to those now producing 
War 


and pestilence notwithstanding, we cannot imagine any 


[his basic fact is dominant. 


way in which the requirements for all kinds of materials and 
services will not increase because of this. More electrical 
power is among these requirements, for power is essential to 


our modern way of life. 


ADDITIONAL POWER SOURCES NEEDED 

ELECTRIC POWER CONSUMPTION Can be correlated directly 
to a country’s national wealth. For example, the annual 
per capita consumption of energy in all forms for India 
corresponds to 600 kwhr; the per capita income of that 
country is $50; the corresponding figures for the United 
States are 12,000 kwhr and $2,000. ‘The quantity of in- 
stalled electric generating capacity in the United States is 
doubling every 10 years or less. This is due not only to the 
normal increase in population, but also to the rise in the 
standard of living and the increased use of electrical appli- 
ances and electricity in general. We can expect, there- 
fore, that by the year 2000, the electric power consumed per 
year will have increased by a factor of 20. 

With this expansion, it is highly probable that all likely 


Revised text of an address presented at the American Power Conference, Chicago, III, 
March 21, 1956. 


W. F. Libby is with the United States Atomic Energy Commission, Washington, D. ( 
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sources of hydroelectric power will have been exploited, 
and that the nation’s capacity to produce coal, oil, and gas 
will have been strained to the limit. It seems certain that 
the United States as well as the world standard of living 
would, therefore, be limited by the availability of electric 
The 


present known resources of uranium on an equivalent Btu 


power, if no other source of power could be found. 


(British thermal unit) basis are more than 20 times the 
known resources of oil, coal, and gas combined. If con- 
trolled thermonuclear power can eventually be attained, 
the quantity of heavy hydrogen in ordinary water would 
assure us an unending supply of primary fuel. 

The United States is exceedingly fortunate in that it has 
extremely large known deposits of oil, coal, and gas. For 
this reason the incentive to develop an atomic energy in- 
dustry is not as great in this country as it is in European and 
Asian countries. In Europe, power costs are higher; coal 
seams have been mined rather exhaustively and, in some 
cases, there is actual need for “‘carrying coals to Newcastle.” 
Great Britain, 
atomic power novw if it is to survive as a first-class power. It 


according to Sir John Cockcroft, needs 


is one reason why the British are pushing their atomic 
energy program so actively; by 1975, it is hoped that atomic 
energy plants will be saving Britain 40 million tons of coal 
per year. 

We conclude, therefore, that atomic power now is not 
only desirable, but also is absolutely necessary. This was 
the principal conclusion reached at Geneva, Switzerland, 
at the International Conference on the Peaceful Uses of 
Atomic Energy. 

POTENTIAL GAPS IN THE ATOMIC PROGRAM 

IF ATOMIC POWER IS A NECESSITY, the costs will have to be 
In considering the economics of atomic power, one 
When will 


become competitive with conventional power? 


borne. 


frequently hears the question- atomic power 
It is difficult 
to explain why it is not possible to give an answer naming a 
specific year as the target date. There are countries tha 
today could use atomic power at a generating cost of £ 
mills per kwhr; and in such countries, given the technica 
manpower to operate reactors, atomic power could success- 
In smailer inst 


illa- 
] 


tions of 5,000 kilowatt generating capacity and less, diesel- 


fully compete with present fossil fuels. 


driven or other internal-combustion units generate conven- 
tional power at a cost of perhaps 8 to 10 mills per kwhr. 
Such power generating costs account for approximately 10 
per cent of the nation’s electrical bill and atomic power at 8 
to 10 mills per kwhr would be “‘competitive power.” 

What is more generally understood by competitive atomic 
power involves the generation of electricity in large plants 
We think it not 


unreasonable that power from central station plants can be 


having capacities of 100 to 400 megawatts. 
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expected to cost not more than 6 to 8 mills per kwhr within 
our lifetime, and possibly less, depending on technological 
developments. 

In the transition from a near-monopoly by the Govern- 
ment to a private-industry operation with joint responsi- 
bility, one must inevitably expect some delays in the pro- 
There 


are rules and regulations to be drafted, agreed upon and 


gram for the rapid development of atomic power. 


promulgated; there are details to be explored concerning 
the division of responsibilities in the development of proto- 
type reactors; there are problems in the recruiting and 
training of personnel; there are the problems of proportion- 
ing the cost of financing a new industry; and finally there 
is the question of timing. 

With the captain and the captain-elect of the team now 
both on the playing field, even more rapid progress can be 
made if each points out to the other the potential gaps that 
ire or might be developing, and suggests areas of worthwhile 
effort. 

Among the technical factors which contribute largely to 
atomic power costs, the following stand out: the cost of the 
fissionable material consumed, the cost of fabricating fuel 
rods and of reprocessing partially burned fissionable ma- 
terial to separate the fission products and to recover un- 
burned fuel, and the general maintenance problems in the 
reactor and plant itself. There are enormous opportuni- 
ties for technical advancements in all three of these fields. 

In the first, the cost of fissionable material itself, the 
principal technical opportunity may lie in further develop- 
ment of the breeder reactor which generates more fissionable 
The 


breeder technology is developing rapidly, but it is some- 


material at the same time it produces atomic power. 


what too early to foretell what the real chances are of its 
becoming practical in the next few years. This type of 
reactor naturally appeals to the cost-conscious executive 
and because it produces more fuel than it consumes, it 
appears to give him something for nothing. This process 
of breeding may be likened to a person dropping a nickel 
into a soft-drink machine, getting his soft drink (energy 
from U-235) and six pennies in change (plutonium from 
U-238). This is not perpetual motion because eventually 
the machine (reactor) runs out of soft drinks (U-235) and 
pennies (U-238). With the sharing of responsibility for the 
development of atomic power, it becomes incumbent upon 
industry that it develop its own new technological con- 
cepts in reactor design. 

The second potential gap concerns the area of fuel- 
element processing. Most of the cost data available are 
based on operating conditions in which the production of 
plutonium is maximized without regard to the generation 
The design of fuel elements for power 
A fuel 
rod which is satisfactory from the engineering point of view 


of useful power. 


reactors poses several contradictory requirements. 


is in some measure unsatisfactory from the standpoint of the 
chemistry of reprocessing. Corrosion stability and long 
burn-up in heterogeneous reactors are achieved by using 
cladding materials that are rather inert chemically. This 
increases the cost of fuel reprocessing. 

We are at the stage 


There is no “‘best’”’ reactor design. 


in which the automobile industry found itself in the first 
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two decades of the twentieth century when the burning 
questions were: Will the Durant beat out the Star? Is 
the Stanley Steamer a good bet? How about Ford? 

It is time now for industry to plunge into the development 
of satisfactory atomic-power fuel rods of its own design to 
maximize the over-all benefits of long-time burn-up versus 
the cost and the chemistry of reprocessing. Some limited 
experience has been obtained on actual fuel elements from 
power reactors. It does appear that there are opportunities 
for designing reactors with the thought specifically in mind 
of reducing this cost. Principal among the types of reactors 
which might have low-cost chemical processing is the family 
of homogeneous reactors of which the uranyl sulfate at Oak 
Ridge is a principal contender. It is clear that the continu- 
ous processing techniques which have proved so extremely 
efficient and effective in the chemical industry should be 
applicable to the problem in processing and removing the 
fission products and plutonium as they are generated from 
the fuel in a homogeneous reactor. There is no doubt that 
this can be done and there is also little doubt that it will be 
cheaper than the processing of heterogeneous elements. 

The third line of endeavor in which industry should 
become active concerns the difficulties of maintenance of 
the reactor and the rest of the plant, particularly such 
problems as the corrosion of reactor containers and reactor 
components. Because of the intense radiation in the interior 
parts of reactors, chemical species are present which are 
extremely corrosive, and particularly in water systems, 
peroxides are present. The corrosion problems in homo- 
geneous reactors are quite serious, but a solution to these 
problems would allow homogeneous reactors to enter the 
atomic power race at an early date. 

A fourth line of endeavor for industry is to assist in the 
problem of training personnel. One of the limiting factors 
in the rate at which atomic power can be developed is the 
number of competent engineers and scientists available. 
These remarks are not to be taken in any way as depreca- 
tory of the efforts of the able and devoted people now work- 
ing at the task. It is just that they are too few. 

When the Atomic Energy Commission (AEC) reviews 
proposals concerning atomic power reactors, one of the 
vital factors considered—and, in the minds of some of the 
Commissioners, the most vital factor—is the quality of the 
technical corps that the company or combination of com- 
panies brings to bear on the project. Difficult technical 
problems are not solved by mass attack; only quality, skill, 
and persistance will entice Mother Nature to give up her 
most precious secrets. 

We all know, of course, that the technical corps is 
inadequate with respect to the enormous demands now 


made upon it—inadequate in numbers principally, although 
It is a difficult 


there are some inadequacies in training. 
thing to keep abreast of a technology advancing as rapidly 
as ours is today. How can one expect an engineer who 
was educated 15 years ago to know about atomic energy and 
its amazing and intricate new facets? We have a problem 
of adult education of our practicing engineers which is as 
important in many respects as the problem of educating 
new engineers and scientists. Our expanding economy, 
together with the lack of interest in the sciences and engi- 
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neering, has resulted in the critical shortage which has been 
detailed and remarked upon in many places on many 
occasions. We must all bear in mind that this is critical in 
the development of atomic power. Atomic power fares 
relatively well as compared to other technical fields because 
it is new and extremely interesting but, nevertheless, it is 
true that the critical factor in the rate at which we will 
attain atomic power involves the number and skill of gifted 
engineers and scientists who can attack the problem. 


NEEDED—A CATALYS 


On FEBRUARY 22, 1956, President Eisenhower announced 
the availability of 40,000 kilograms of U-235. This material 
at the current market price is worth approximately $1 
Half of it, 20,000 kilograms, is earmarked for 
domestic power reactors; the other half for foreign reactors. 


billion. 


This allocation should be sufficient to fuel an initial electric 
generating capacity of several million kilowatts, depending 
on the types of reactors involved. 

This bold step, recommended by the Commission, permits 
industry, both foreign and domestic, to plan sound pro- 
grams for power reactors. Here is a green light that permits 
industry to go forward with the full backing of the United 
the that 
fissionable material will be available. Manufacturers can 


States Government and knowledge sufficient 
now negotiate with foreign countries and purchasers under 
an authorization issued by the AEC pursuant to Section 
57.a.3 of the Atomic Energy Act of 1954 and discuss, on an 
unclassified basis, reactor designs with specific countries 
and specific customers. Classified discussions are permitted 
with Great Britain, Canada, and Belgium. 

During the past year and a half, the AEC has instituted 
a system of access permits; it has declassified enormous 
quantities of literature and downgraded others; it has 
encouraged industry to enter into the fuel fabrication 
program, uranium salt production, fuel reprocessing, waste 
disposal, and the whole gamut of atomic energy operations, 
with the exception of construction of gaseous diffusion plants 
and the manufacture of weapons. 

During this transition period from a government mo- 
nopoly to private operation, is the development of atomic 
energy moving fast enough? Can we reduce to a minimum 
the inevitable delay, however slight, in the transfer process? 
Should some segments of American industry not now in the 
program be encouraged to enter the arena? 

The AEC has proceeded on the assumption that private 
industry which has in its employ the bulk of technical 
talent available in this country would, if it became interested 
bring its best brains to bear on the 


in atomic power, 


problem. The response by private industry has been 


gratifying, although still small compared to the scale of 


Commission operations. 

Private capital, at least on paper, has been pledged to the 
extent of a quarter of a billion dollars over the next five 
years to build a series of large-scale reactors under what is 
known as the Power Demonstration Reactor Program. It 
is true that most of these commitments depend upon the 
successful completion of certain AEC reactor experiments 
and prototypes, and could be withdrawn if these experi- 
ments were unsuccessful. 
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Despite this gratifying response from industry to date, 
more industrial firms should be brought into the atomic 
Why 


industrial society has a relatively minor interest in atomic 


energy program. is it that a large segment of our 


atomic 
It is 


also true that a large part of our leading chemical firms 


energy? There seems to be widespread feeling that 


power is something primarily for power companies. 


have not taken an active interest in the problem of atomic 


power as such. This statement is not meant to imply in 


any way that the chemical industry has not assisted the 


AEC in chemical activities. The processing of ore into 
uranium hexafluoride and uranium metal, and the reproc- 
essing of fuel elements, are all problems in which the in- 
dustry has assisted and will assist in vital ways, and some 
chemical companies are displaying very active interest in 
atomic power projects. Nevertheless, some of our larger 


and most efficient chemical companies are not making 


proposals on the atomic power program. However, if the 
skills possessed by their technical staffs could be made 


available, we would certainly attain economically com- 


petitive atomic power sooner. 
Why is it that 


unknown in atomic power? 


the chemical industries are relatively 
It probably has to do in the 
main with a feeling that atomic power is not a chemical 
business. Perhaps it should be suggested that atomic 
power 7s, after all, a chemical business. 

There are by-products of an atomic reactor which may 
be useful in the chemical industry to the point that the 
manufacture of power may well become a mode of entry for 
the chemical industry. For example, fission products ar¢ 
ordinarily a nuisance and have to be dealt with as waste 
products at the present time. We note with interest that 
the initial results on the sterilization of drugs and pasteuri- 
zation of foodstuffs are quite encouraging and that these 
peaceful uses of the atom require relatively large amounts 


Perhaps fission products could be 


of gamma radiation. 
separated for this purpose or perhaps radiation services 
could be supplied from atomic power plants themselves 

It is by no means clear that fission products cannot be 
made useful and profitable if the talents of more chemical 
technologists were applied to this goal. The present costs 
of fractionation and handling are somewhat high, but they 
Anothet 


example of the successful use of intense radiation is in the 


should be reducible by a considerable factor. 
induction of chemical reactions, particularly polymeriza- 
tion. It may be that atomic piles will be needed by chemi- 
cal plants simply in order to supply enough radiation for 


Why, 


It would seem conceivable that 


just this one use. then, could not atomic power also 


be made? a combinatior 
of a reactor which produces power and, through chemical 
reprocessing of the fuel, also provides irradiation sources 
for sterilizing food and for inducing chemical reactions 
might be profitable to the chemical industry and to the 
country as a whole. 


find it 


In other words, the chemical industry might 
profitable to get into the reactor business and to think of 
roentgens as raw materials. 

The great amount of heat which is generated from every 
atomic reactor cannot be used completely for the generation 


of electric power, and tremendous quantities of waste heat 
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are therefore available. It is conceivable and not at all 
unlikely that such large quantities of heat will be of use in 
chemical processing. In other words, a close look indicates 
that there are a number of ways in which a normal chemical 
business can be combined with a power generating station 
in ways which may be mutually profitable. We have every 
hope that this will be so, for we need the good chemists in 
the employ of industry and we need their services most 
urgently. 

It is the feeling of many competent persons that the 
developments limiting the technological growth of atomic 
power are chemical in nature. It is not in any sense of 
criticism that these remarks are made, but in a sense of hope 
that the promise and opportunities in the field of the atom 
will attract this important segment of our technical com- 
munity and so speed the day when competitive atomic 
power can become a reality. 

In summary, these are some of the potential gaps that 
may develop in our atomic energy program and the areas in 
which industry can participate to minimize the effect of the 
transition period. 

It may be added that Europe and Asia, no less than 
America, offer challenging opportunities in the initial 


development of atomic power. The “break-even” point 


in competitive atomic power very likely will be attained 
sooner in Europe and in Asia than in the United States; 
this situation is tailor-made for an industry. which still 
requires some developmental work and “reduction to 
practice.” The market for atomic power exists and should 
find ready acceptance. 

Paradoxically, the next year or two may mark the end of 
a golden opportunity in the sale of reactors abroad, i.e., 
contracting for the selling of reactors, not their completion 
date five or more years hence. The ability to supply 
reactors is presently limited to only two other nations 
besides ourselves—the United Kingdom and the Soviet 
Union. With the first, our relations are cordial and only 
normal sales rivalry prevails. Loss of the foreign reactor 
market to the United Kingdon would be an economic 
setback to American industry, but probably not much more 
than this. 

With the second of our competitors, the game is much 
more deadly—loss of the foreign market to the Soviets 
would be a catastrophe to the free world. 

Therefore, it is imperative in this transition period from 
a government-operated to a privately operated atomic 
energy industry, that we move quickly enough together to 
assure our goal. 
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The vital role the U. S. Air Force takes in the 
total research and development program of our 
nation, now faced with growing Soviet compe- 
tition, is discussed. Long-range planning is 
necessary, as basic research begun today will 
generally provide knowledge in 1960, useable 
in design of weapon systems in 1965. As 
speeds approach Mach 2.0 at higher altitudes, 
more reliance is placed on electronics design. 


URING THE LAST FEW MONTHS, the press and 
Dhrdic have given considerable space and time to the 
problems of the U. S. Air Force budget, research and 
development programs, and general technical capabilities. 
This has been extensively publicized, against a background 
of the growing Union of Soviet Socialist Republics (USSR) 
competition and strength in the field of air weapons, by 
many high Government officials and military leaders. 
It should be recognized that the Soviets have reached 
technological maturity. What many of our experts pre- 
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dicted they could not do, they did. Even more surprising, 
some of the things they were supposedly unable to do at all, 
they not only did, but they did in a big hurry. One dev- 
astating example proves this point—in 1946, our experts 
thought they could not produce an atomic bomb in less 
than 6 to 10 years, if at all. They did this job in about 3 
years—a time period about equalled the time needed by our 
country to produce the first atomic bomb! 

Therefore, from now on, they are a nation to be reckoned 
with in the technological race for qualitative superiority. 
This race is not in the field of aircraft only—it covers the 
gamut of scientific and technological endeavors, as the 
Soviet leaders know full well that the key to world domina- 
tion lies ahead as the prize for the winner ! 


SHORTAGE OF ENGINEERS 
RETURNING to the Air Force’s position and its research 
and development efforts, everyone has undoubtedly heard 
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time and time again of the big slice the Air Force is taking 
in the total national research and development program. 
All probably have also heard that there are not enough engi- 
neers and scientists available for a broader program. Re- 
cent data on this point has proved quite surprising. 

Limited surveys made by the Air Force among representa- 
tive industries, such as aircraft, power plants, electronics, 
etc., revealed that appreciable numbers of research and de- 
velopment engineers can be made available for military 
work from within present industrial complexes without detri- 
mental effect on current organizations. As far as the sur- 
vey showed, no Air Force contracts are being held up for 
lack of manpower. 

However, this should not be interpreted as meaning that 
the Air Force feels there is no national shortage of scientific 
and technical talent. There definitely is a national dearth 
of engineers and scientists—and unless positive action is 
taken, it will continue on an increasingly alarming scale. 
The point to be understood insofar as the Air Force is con- 
cerned is that the United States has a capability of con- 
ducting a larger military research and development pro- 
gram. According to the National Science Foundation, 
there were about 650,000 engineers and 200,000 scientists 
in this country in 1953. 
900,000. 
velopment program, on the basis of contractual dollars 
available, utilizes a total of about 4 per cent. 


The total now is probably over 
Of this amount, the Air Force research and de- 


Thus, large 
Air Force research and development changes would need 
only a minute percentage shift from commercial-type activi- 
ties into what could be considered as more urgent endeavors. 

The National Science Foundation (NSF) in a recent re- 
port! pays all electrical engineers, as well as the electrical 
industry, a very outstanding—although indirect—tribute. 
They analyzed research and development performed by 
private industry in 1953; in the electric-equipment indus- 
try, research and development costs totalled $778 millions, 
The 


aircraft industry was second with a $758-million total. In 


or slightly more than one fifth of the grand total. 


basic research, the chemical industry leads with $38 millions 
out of a total estimated at $150 millions—the electric- 
equipment industry is second with about $20 millions, for 
which it is to be congratulated ! 

The problem of increasing our national scientific po- 
tential is best left to experts, but everyone should assist in 
solving this pressing problem. ‘To suggest a few critical 
areas—how about attacking the first and foremost problem, 
that of making teaching itself, especially science subjects, 
more attractive in many ways as a vocation at both the 
high school and college levels? This is essentially a com- 


munity problem, but industry could participate more 


heavily. How about increased financial support by in- 
How about increased 


If the 


demand remains sufficiently great and the long-range fu- 


dustry of scholarships in the sciences? 
salaries and opportunities for technical personnel? 


ture bright, more and more of our young people will make 
the sciences their life careers. 

Lastly, why are not women utilized more effectively in 
the engineering programs? Of the total number of engi- 
neers and scientists in the United States today, an estimated 
total of less than 1 per cent of the engineers and about 5 
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per cent of the scientists are women. For many reasons, 
women do not find the sciences attractive, and frankly the 
fault can only lie with the men. Statistics for 1950-51, 
for example, show that about three men graduate for each 
girl—yet, in engineering, there is a 500 to 1 ratio. Some- 
thing is wrong, for here is a vast untapped resource which 


needs considerable exploitation. 


AIRCRAFT ELECTRIC EQUIPMENT 


ENGINEERING PHASES now will be considered. In the 
days of the Wright Brothers’ aircraft and for many years 
air- 


During all 


this time, the basic concept in aircraft design was to avoid 


afterwards, the only electric equipment available in 
craft was the ignition system for the engine. 


any system that was subject to failure, because flying itself 
was considered very dangerous. 
After World War I, the 


rapid advancement, so that many new techniques were de 


aviation industry started 


veloped. A power supply in the form of a generator an 


battery were added to furnish lights, air-to-ground com- 
munication, and navigational aids in the form of radio 


receivers. Since electric circuits were still considered un- 


reliable, only those items not affecting the safety of flight 
were considered for electrical operation. 

During the rapid advance of combat-type aircraft just 
prior to and during World War II, aircraft were equipped 
with more and more electric equipment, inasmuch as elec- 


tricity was much better understood. Electric inertia 


starters and elaborate dual ignition systems, as engines 


grew larger, were introduced. Electrically driven motors 
eliminated the manual labor required for such systems as 
those used for retracting or extending the landing gear and 
flaps, or for furnishing hydraulic pressure for brakes and 
other equipment. Electric motors were used for driving gun 


turrets, boosting ammunition belts, adjusting propeller 


pitch, etc. The first radar was developed and used for 
ranging or searching the ground for targets during bombing 
ind ele 


operations. New navigational aids, instruments, 


trically driven stabilization units were developed and used 


Servo loops were incorporated to control automatic 
such things as cowl flaps, oil coolers, turbosuperchargers 
lead prediction for fire control, and bombing systems 
The concept of not depending on electric systems continued 
though, so that no item directly affecting the safety of flig! 
was operated by electricity unless an emergency manual 
s also provided. 


system wi During this period, alternating 


current was first introduced in common use on aircraft 


Use of invertors and a-c generators for 115- and 200-volt 
systems was begun. 

Following World War II, the advent of hig! 
aircraft introduced additional problems. 
servomechanisms really came into their own. 
major systems were now operated electrically or parti 
so. Even when hydraulic or pneumatic systems wer 
actuating switches, solenoids, limit cut-off switches, 
other such electric gadgets were incorporated. Sea 
track, and ranging radars were incorporated to assist 
crew during high-speed and all-weather operations 
cause aircraft were traveling at high speed and 
tudes, the limit of human capability to make decisio1 
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react in sufficient time was rapidly reached: therefore, many 
of the jobs were turned over to electronics, leaving the pilot 
with one control to adjust, and all other parameters were 
controlled by electronics. Remotely actuated electric in- 
struments became standard equipment. More sophisti- 
cated and accurate navigational aids were incorporated, re- 
quiring more and more electronics. 

As the speed of aircraft approached Mach 1.0 and over, 
it was found that even control boosters were necessary, and 
that smoothing and damping circuits were required for in- 
creased flight became a 
The limit of 
man’s capability has now been reached to locate targets in 


stability. Automatic controls 


necessity instead of a pilot relief system. 
the air and on the ground. To determine proper position- 
ing for combat, radars are now coupled with electronic 
computers to solve the combat problems 

Today, complete dependency is placed upon electricity 
for the effective operation of military aircraft. An aircraft 
can no longer even rely on emergency use of batteries in 
case of power failure to provide sufficient electricity for safety 
of flight. 


have been added to the inventory of the electric-power sup- 


Air-driven turbine-generator power packages 


pliers. 

In terms of power required in aircraft, the growth has 
been fantastic. In 1940, a B-77 had an installed generator 
capacity of some 25 kw; 
140 kw; 


kw. 


average homes, and the curve still is shooting upwards. 


in 1950, the B-36’s capacity ap- 


proached in 1956, the B-52’s installed capacity 


neared 240 This is sufficient power to service 800 


Our power systems also are becoming far more elaborate. 
Constant-speed drives are required for constant frequency 
output driven. 
Newer aircraft just entering service or in development have 


—either hydraulic, mechanical, or air 


brushless a-c generators to eliminate the severe brush wear 
The tight 


packaging of generators in heated areas has lead to more ef- 


problem encountered at the higher altitudes. 


fective cooling methods—now, oil-cooled units are entering 
service. Another new piece of equipment is the static 
rectifier—in lieu of the well-known selenium units, silicon 


cells are being used which have a maximum useable tem- 


perature neighboring 190 to 200 C; limits of 250 C are to 
be the aim in the next year or so 

Of great interest should be the fact that nickel-cadmium 
and silver-zinc alkaline batteries are being extensively serv- 
ice-tested. As you know, nickel-cadmium units have 20 
to 30 times the life of commercial lead acid units, while the 


silver-zinc batteries have about 3'/» times the capacity. 


Indicative, too, of the present state of the art in electric 
equipment are the present tight limits imposed on the gen- 
eration or regulation of power during steady-state operation; 
today, these limits are: + 1/4 per cent for frequency, + 
4 per cent for harmonic content, and + 2!/», per cent for 
voltage. 

Most of the present electric equipment in operational air- 
craft today is adequate for the environment it encounters. 
However, as operating speeds approach Mach 2.0 and 
flights are higher and higher, the Air Force meets increas- 
ingly difficult problems. The demands being placed on 
engineers and the electrical industry are steadily growing, 
and there seems to be no end in sight. 
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FUTURE AIRCRAFT PROBLEMS 


WHAT ARE SOME OF THE SYSTEMS and problems to be 
faced in the future? At supersonic speeds, there must be 
more and more reliance on fully automatic flight systems. 
The newest aircraft are being designed with electronic 
eyes and brains. The crew will be furnished only with a 
situation display and a decision selector. 

There is need for complex electronic equipment to pro- 
gram flights from take-off, to search, to intercept or bomb, 
to return, and to landing—all this under any conceivable 
weather conditions. 

The environmental requirements being imposed on all 
electric equipment are growing in severity. Today, tem- 
perature is the most critical factor in the operation of our 
equipment. In a few of our most advanced operational 
aircraft, it is necessary to derate present-day equipment in 
order to operate it. 

One of the Air Force’s most pressing technical problem is 
to make all electric equipment capable of sustained and re- 
liable operation under an environmental temperature con- 
dition of 250 C. Anyone in industry can appreciate what 
this means, and it is from industry that the Air Force hopes 
to get its answers. 

Looking ahead what else do we see? There is a need and 
a current search for ways and means of reducing starting 
(or inrush) currents in electric motors by methods or de- 
signs presently unknown. 

Engineers have just scratched the surface of real high- 
speed flight and the popular “thermal barrier.” In 1960, 
for example, there must be equipment capable of reliable 
operation under temperatures neighboring 750 F. In- 
stalled power requirements for the larger aircraft should 
then approximate 300 kw. In 1965, this temperature limit 
should be raised to 1,200 F as a goal, and generating ca- 
pacity should reach 500 kw. 

Everyone is aware of the Air Force’s aircraft nuclear 
propulsion program to obtain an atomic-powered capabil- 
ity. 
and 


This presents another problem in that all equipment 
materials must be nuclear-radiation resistant to a 
greater or lesser degree. 

With respect to regulations and the percentages men- 
tioned previously—in 1965, certain limits are looked for- 
ward toas: + 1/4 percent for frequency, + 1 per cent for 
harmonic content, and + 1 per cent for voltage. 

Some people may feel that the temperature goals are 
unrealistic—that it should be simpler to cool and air condi- 
tion the electric equipment; however, this is not true! As 
aircraft operate at higher and higher Mach numbers, the 
air temperature rise goes up exponentially, so that there is 
the situation of running out of a heat sink into which waste 
heat can be poured. If it is necessary to install air-condi- 
tioning equipment, the aircraft suffer increasingly greater 
performance degradation because of the weight, size, and 
complexity of these cooling systems. 
crutches must be avoided. 


If at all possible, such 


There is a new important concept the Air Force is adopt- 
ing in order to reach these goals and to make the situation 
much easier. 

Practically all the research and development money in 


ELECTRICAL ENGINEERING 





electricity is now devoted to advancing the state of the art in 
this broad area. The Air Force is endeavoring to support 
the electric-equipment industry by increasing its funda- 
mental knowledge. Our old established concept of de- 
veloping specific hardware for inventory use is being 
changed—hardware development is being relinquished, per 
se. This allows the airframe people to prepare the detailed 
specifications for the equipment needed for specific weapon 
systems and submit these requirements to the manufacturers 
who—fortified by new knowledge gained under the auspices 
of Air Force research and development—will design and 
The Air 
Force will continue to co-ordinate designs and standards so 


build advanced equipment to meet the needs. 


that the ends of standardization and logistics support can 
be met. It is expected that industry will appreciate this 
problem and willingly comply with mutually established 
standards. 

What are some of the ingredients of an effective research 
It is 
essential in this research and development business to con- 


and development program as the Air Force sees it? 


tinually indulge in long-range research and development 
planning—by long-range is meant anywhere from 5 to 15 
facilities 
personnel plans for acquisition, training, growth, 


years hence. Such planning should include: 
planning; 
and utilization; fiscal plans and requirements; technical 
estimates or market analyses; and, perhaps, technical 
evaluation of growth potential in allied and competitive 
lines. 

The entire problem can best be summarized by recogniz- 
ing that more time and money must be spent on basic re- 
search and development, as the “‘well of knowledge”’ in this 
area issimply running dry. Again, the time element should 
be emphasized in planning—basic research and technical 
developments begun today will generally provide knowledge 
in 1960 that can be used to design hardware for weapon 


systems which may fly in 1965. There is no easy shortcut. 


RELIABILITY 


ELEcTRONIC and electric equipment cannot be discussed 
without mentioning the subject of “‘reliability.”” Reliability 
has become and will remain a primary consideration in this 
equipment, inasmuch as everyone now is becoming totally 
reliant upon the many electrons running around in modern 
high-performance weapon systems. 

A recent study by Rand Corporation showed that the 
cost of electronic maintenance in the Air Force is twice as 
much as the original cost of the equipment installed each 
year. The U.S. Navy says the cost of electronic equipment 
maintenance is 10 times its original cost, assuming a life 
span of 5 years. The cost to the taxpayers is heavy and 
continual. 

There are also other economic considerations. It costs 
approximately $500 per hour to fly common-type military 
aircraft. Much of this flying time is wasted if electronic 
equipment fails—many mission aborts result from such 
failures. 
cause, to accomplish a specific military plan, enough air- 


Another sizable economic penalty is paid be- 
craft must be programmed and procured to do the job, with 
an allowance being made for those aircraft which statistics 


indicate will abort their missions. 
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The military departments have been actively engaged in 
efforts to improve reliability for some time. Industry has 
also joined forces to improve the quality of these products. 
This teamwork, i.e., industry working with the military 
departments, has had gratifying results. Definite improve- 
ment can be recognized and this change is continuing. 
Many companies have played discrete and important roles 
in this program. 

One step taken by the Department of Defense to assist 
Government-industry teamwork in this respect was the 
establishment several years ago of the Advisory Group for 
Reliability of Electronic Equipment (AGREE) Committee. 
This committee, made up of electronics engineers and ex- 
ecutives from factories and from the military departments, 
with headquarters in the Department of Defense, has spear- 
headed the attack on unreliability. ‘The committee collects 
facts data, recommends standards, recommends procedures, 
and serves as a focal point and common ground for bringing 
together new applications, advances, improvements, and 
techniques. One important contribution has been the 
preparation of a bibliography listing the most up-to-date 
authoritative technical papers in existence today for design 
engineers. The papers give specifics on how reliability 
may be achieved. 


THE FUTURE 


THE PROBLEMS faced by the United States in meeting the 
demands of the future—both in national defense and in 
maintaining the highest standards of living in the world 
can only be resolved with the co-operation and assistance of 
engineers, as individuals; industry as a unit, under the 
American way of life; and technical societies like the AIEE. 
Therefore, for that which has been contributed to the Air 
Force and to the national good, and for that which each 
person will contribute in the future, the Air Force thanks 
you. 
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Heavy Stator Shipped 


Heaviest peacetime shipment of a single item in the 
history of the Port of New York was loaded aboard the 
10,290—deadweight ton Kyoei Maru at the New York Navy 
185-ton 


Yard, Brooklyn, N.Y., recently. The item is a 


generator stator—a portion of a 125,000-kw steam turbine- 
generator unit, which will be installed at the Tokyo Elec- 
tric Power Company’s Chiba electric-power generating 
station in Japan. 

The powermaker was manufactured by General Electric 
Compa 
in Schenectady, N.Y., and will be capable of satisfying the 


. s large steam turbine-generator department plant 


average yearly electrical needs of nearly 925,000 Japanese. 
It is also the most powerful electric generating machine 
ever to be exported from the United States. 


Wettzen—Research in the U. S. Air Force 





Shipboard Use of 400-Cycle Electric Power 


J. M. 


ASSOCIATI 


APPLE 


INCE 


most naval ship’s service electrical installations, par- 


1932, 60-cycle a-c systems have been used in 


ticularly installations of large capacity. These systems 


operated satisfactorily and served well during World War 
Il. However, during and since that period the trend has 


been to increase the use of electric power, thereby increasing 


weight and space requirements of the electric plant out of 
proportion to the size of the ship, and to require improved 
performance of the equipment installed. In order to solve 


this problem, consideration must be given to the basic fac- 


tors influencing electric equipment designs. For example, 


an increase in system frequency increases maximum speed 
of rotation, thereby decreasing the weight of rotating electric 


machinery. In addition, high-frequency transformers and 


reactors require a lower value of maximum flux and, hence, 


a smaller iron core than corresponding 60-cycle units. 
Inherently smaller time constants permit increased speed of 
response, an advantage in certain control systems. 


ther factors to consider which partially offset 
these a ntages. Inherent characteristics of small, light- 
weight, high-frequency equipment require that special 


consideration be given to noise reduction, higher operating 
temperatures, and mechanical problems that arise with the 


=e * 
higher 


rotational speeds and smaller air gaps. The smaller 


hea dissipation surface requires that more consideration 


| to ventilation and equipment protective features 
nt burnout. 


igher frequency in marine applications have to be 


Also, the advantages offered by the 


igh to compensate for the high costs associated 
‘velopment, design, and manufacture of electric 


, , 
+UU-cycle irequency. 
{ 


id ices that could be achieved by a 
ration of such items as increased frequency, 
uild n advanced desi 


mm destrover in 
number of new design components 


incorporated. his ship is the 


DD828. ] 


merly the and 
to achieve the m 


the 


now 
iximum benefit, 


increase in voltage and frequency were considered 


vorthy ol consideration. 


Leading manufacturers of generators, switchgears, trans- 


formers, motors, control equipment, and auxiliaries were 


called upon to design, develop, and furnish equipment 
which would meet the requirements of the basic concept. 
As a result of these studies, a 1,000-volt, 400-cycle electric 
plant was selected for the U.S.S. Timmerman on the basis 
»f estimated data furnished the 


ted data w 


The esti- 
as submitted largely on the basis of original 


design agent. 


design, because comparatively little manufacturing 
st of paper 56-184, recommended by the AIEE Committee o 
and approved by the AIEE Cx 
AIEE Winter Gener 


led for publication i 


Marine Transporta- 

mittee on Technical Operations for presentation at 

al Meeting, New York, ! a anuary 30—February 3, 1956 
AIEE Applications and 
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MEMBER AIEE 


experience was available on higher voltage and frequency 
equipment of the sizes and applications required. 

The use of this electric plant on the U.S.S. Timmerman 
instead of a 450-volt, 60-cycle plant resulted in a weight 
reduction of approximately 31 per cent. 
15 per cent of this saving is attributable to modern design, 
5 per cent to the increase from 450 to 1,000 volts, and the 


Approximately 


remaining 10 per cent to the increase in frequency. 

During the 3-year period since completion of the U.S.S. 
Timmerman, numerous operating problems have occurred, 
such as casualties to the turbogenerators. However, sub- 
sequent modifications to these units have resulted in satis- 
factory performance. In addition, the 950-volt, 400-cycle 
motors are smaller, have less thermal capacity and operate 
at higher speeds and temperatures than normally en- 
countered. It is not surprising, therefore, that numerous 


winding have occurred. Some 


improvement in motor performance has resulted from a 


bearing and failures 
careful maintenance program, but a satisfactory solution 
will require modification to motor designs. 

Even though the U.S.S. Timmerman trial program is still 
in the early stages and underway operations have been 
limited, many technical achievements have already been 
realized. Valuable information from shipboard operating 
experience and tests has already been incorporated in the 
design of 400-cycle turbogenerators for limited applications 
in new ships under construction. The new carriers, for 
example, have a 1,000-volt, 400-cycle system for aircraft 
starting and servicing. Additional operating experience 
on the electrical equipment is still needed in order to obtain 
information as to life, amount of maintenance required, 
dielectric properties, and conditions of bearings and insula- 
tion resulting from continuous service. 

Over the past years, shipboard electrical installations 
have grown from simple low voltage (120-130) d-c systems 
to large complex systems. During this growth, we have 
gone, in most cases, from the d-c systems to 450-volt, 60- 
cycle a-c systems. There is no reason to expect that the 
shipboard electrical installations will not continue to grow, 
with further demands for still better performance and more 
output with less space and weight. It is expected that a 
continuing increase in the use of 400-cycle power will not 
be accomplished by a complete change in the basic electric 
plant at one time as was the case in the change from d-c to 
a-c, but by a gradual change with an increasing portion of 
the plant made up of 400-cycle applications. 

This increase will probably be more rapid in the field of 
How- 


ever, we probably will see 400-cycle fluorescent lighting 


electronics and control circuits than in other fields. 
installations in the not too distant future. In the power 
drive field, it is expected that increasing use will be made of 
400 cycles where increased speeds are desired to obtain 
better characteristics on the part of driven auxiliaries. 
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New Control Installations in Transmission Stations 


G. M. MULHERN 


MEMBER AIEE 


HE ELECTRICITY SUPPLY BOARD (ESB), Ire- 

land, as a portion of its postwar expansion program, 
constructed a series of 110/38-kv transmission stations in 
the period 1948-52. So far as possible, the stations were 
built to a common basic plan. However, they were not 
identical but varied in power-transformer ratings, com- 
plexity of control, and number of high-voltage outlets. 
Accordingly, their cost varied from roughly $14 to $20 per 
kva of installed transformer capacity. The control instal- 
lations averaged 16 per cent of gross station cost. 

In 1953, when the planning of another series of transmis- 
sion stations was undertaken it was felt that the preceding 
design of control installations had been unduly expensive. 
To determine where savings could be obtained most effec- 
tively, an analysis of control cabling was made. This analy- 
sis indicated that control-cable expenditure in the projected 
new stations could be reduced to one fifth that of correspond- 
ing previous stations by adoption of the following measures: 
(1) For control cables proper, using adequate but minimum 
copper section and utilizing suitable plastic insulations and 
sheathings; (2) Introducing telephone-type cable for the 
24-volt direct current signaling circuits; (3) Removing the 
protective relays from the control room and repositioning 
them at their high-voltage cubicles; (4) Applying common 
instrumentation, i.e., employing one set of instruments to 
serve a number of similar high-voltage circuits, measure- 
ments being taken by switching the set of instruments into 
these circuits in turn as desired; and (5) Installing only 
single-element indicating instruments on switchboard. 

The implementation of these measures constitutes a new 
design of control installations, which not only saves 80 per 
cent in the cost of cabling, but also achieves even more sig- 
nificant economies in control buildings, control equipment, 
and pertinent labor. 

The new design is being applied to five unattended trans- 
mission stations under construction at present, each of 
which in its ultimate development will cater for: four 
110-kv lines, eight 38-kv lines, and two 110/38-kv trans- 
formers. 

Some of the main points of difference between the previ- 
ous and new designs in relation to existing and new stations 
of approximate similarity in high-voltage layout and mag- 
nitude, are: (1) The floor area of the control room is re- 
duced from 120 square meters in the existing stations to 
20.25 square meters in the new stations; (2) The cable room 
in existing stations, which. is immediately beneath the con- 
trol room and of identical floor area, is replaced in the new 
stations by a trench behind the panels; (3) The control 





Digest of paper 56-7, “New Design of Control Installations in Transmission Stations,’ 
recommended by the AIEE Committee on Substations and approved by the AIEE 
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room in existing stations has 37 panels each with doubie 
wings to carry ancillaries and wiring (The new control- 
room has seven wingless panels; the walls behind the panels 
are utilized to carry assemblies of ancillaries, which are 
arranged in definite physical relationship with the circuits 
they govern on the panels); and (4) In existing stations, 
each high-voltage circuit is equipped with a set of conven- 
tional indicating instruments of various types as required 
But in the new stations, only two sets of instruments (am- 
meter, megawattmeter, megavarmeter, and voltmeter) are 
provided, one for 110-kv lines and the other for 38-kv lines 
and the 38-kv side of the power transformers. The current 
coils are 1-ampere rated and are supplied from an auxiliary 
5-to-1 current transformer in each high-voltage cubicle. 
The power instruments are single-element and, hence, are 
accurate only on balanced circuits, but in view of the normal 
characteristics of the ESB transmission systems, it is con- 
sidered that these instruments have precision adequate for 
their purpose and that such errors as may occur will be 
tolerable. Readings are obtained by manipulating the 
appropriate selector key, thus operating a contactor in the 
particular cubicle and lighting an identification lamp in the 
mimic diagram to designate the circuit being measured. 

Fig. 1 is a workshop photograph of the assembled panels 
and operator’s desk for one of the new control rooms. 

In comparison with the previous arrangements in existing 
stations, the new design of control installations promises 


savings of the order of $50,000 per station. 





Fig. 1. Panel assembly and desk prior to dispatch to site 
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Live Flying-Spot Color Scanner 


H. HAINES 


This new color-television system, the Vitascan, 
an all-electronic version of the old-style me- 
chanical type, is the simplest and most reliable 
live-action color system now in existence. It 
can be regarded as using the reverse of con- 
ventional studio methods, as the flying-spot 
tube is substituted for the image-orthicon 
camera tube and clusters of phototubes replace 
regular studio lighting equipment. 


OLOR-TELEVISION PICTURES of high quality 
eresies the use of expensive and complicated color- 
skilled 


camera and maintenance crews are now produced by the 


television cameras or highly trained and 
‘““Vitascan” system, as developed by the Allen B. Du Mont 


Laboratories, Passaic, N. J. It is, in fact, a modern all- 
electronic version of the earliest forms of mechanical live 
television pickup which employed the flying-spot scanning 
principles. 

Although Vitascan cannot displace storage-type color- 
television cameras, it is expected that its unique advantages 
will earn it a modest place in color-television programming. 
[his article proposes to explain its virues and shortcomings. 

On an historical level, it is interesting to note how the 
present technical state of the art has allowed this revitaliza- 
tion of the old flying-spot principle. Thus, basic principles 
are discussed, and evolution of a workable system leading 


to present commercially available equipment is traced. 


HISTORICAL REVIEW . 


THE ANALYSIS AND SYNTHESIS of a subject by television 
was first achieved by J. L. Baird, in England, in 1923. He 
As late 
Broadcasting Company (BBC) in 


employed a 30-line mechanical scanning system. 
as 1937, British 


London, England, programmed with a Baird mechanical 


the 


live-pickup flying-spot scanner operating at 240 lines. 

In advancing from 30 to 240 lines, the mechanical scanner 
system was doomed for two major reasons. First, the 
extremely acute mechanical problems and, second, the 
lack of sensitivity of the then available photocells. Since 
multiplier photocells were not available, the low signal 
level gave excessive noise when amplified, thus limiting 
the action to head and shoulder close-ups. 

The first nonmechanical live pickup, using a cathode-ray 
tube, was demonstrated early in 1947 during the first 
Federal Communications Commission’s (FCC) color hear- 
ings in connection with the Radio Coporation of America 


Revised text of conference paper presented at the AIEE Winter General Meeting, 
New York, N. Y , and recommended for publication by 
the AIEE Committee on Television and Aural Broadcasting Systems 


, January 30—February 3, 1956 
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The 18- X 
24-inch scanned area limited the device to head and shoulder 
pickups.? Although 937A multiplier phototubes were used, 
the light collection was severely restricted by the 5/16- X 
15/16-inch pickup area. 

The Du 
which began in 1949, took advantage of the newly avail- 
able 2-inch multiplier phototubes. 


(RCA) simultaneous color-television system.' 


Mont color-scanner development program, 


Although the trans- 
mission of slides, film, and opaques was achieved with 
considerable success, it was not until 1954 that components 
and techniques had sufficiently improved to allow the 
contemplation of a satisfactory color scanner for limited 
live pickup work, which would surmount some of the 
The real technical 
breakthrough came with the commercial availability of the 
first 5-inch multiplier phototubes, the Du Mont type 6364. 


shortcomings of earlier equipments. 


At first, efforts were directed toward providing a live- 
action color pickup of a 7!/»- & 10-foot scanned area solely 
as a signal source for research purposes. However, not- 
withstanding its inherent limitations, it became apparent 
that a very definite use could be made of the principle in 
normal color-broadcasting operations. A commercial ver- 
sion of this device, the Vitascan, was designed and a proto- 
type was demonstrated publicly for the first time at the 
National Association of Radio and Television Broadcasters 
(NARTB) Convention in May 1955. This article is not 
intended as a detailed description of the present com- 
mercially available equipment, but rather as a history of its 
parentage. 


BASIC PRINCIPLE OF OPERATION 

THE LIGHT from a high-voltage high-beam current flying- 
spot scanning tube, which emanates from the unmodulated 
rectangular scanning pattern, is focused onto the subject or 
scene being televised through a suitable lens system. 

As this light spot traverses the scene in its regular pattern, 
it is reflected from the various objects; the amount and 
color of reflected light at any given moment varies with the 
reflection factor and color characteristics of that part of the 
scene. The scanning light incident on the scene is therefore 
modified or modulated by the different reflective charac- 
These 


variations in intensity and color of the reflected light are 


teristics of the scene from one part to another. 


picked up by groups of multiplier photocells, suitably dis- 
posed around the scene, which linearly convert the light 
energy to varying currents for processing through the normal 
color-video apparatus for flying-spot scanners. 

The phototubes are covered with suitable color filters 
which, in combination with the spectral emission charac- 
teristic of the scanning tube and the response of the photo- 
tubes, determine the spectral characteristics of the system. 

The major differences between the flying-spot scanning 
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operation for the transmission of live pickup and that for 
transparencies are: (1) the scanned area is many thousand 
times larger for live pickup than for slide or film operation; 
(2) the scanning light is reflected from solid objects rather 
than transmitted through flat material as in the case of a 
transparency; (3) using a multiplicity of phototubes, 
lighting effects similar to other live-action television systems 
are provided; (4) controlled illumination, in addition to the 
light from the flying-spot, must be provided in the studio; 
and (5) special television previewing techniques must be 
employed. 

In visualizing how the Vitascan live-action scanner 
operates, it is helpful to regard the system as being the 
reverse of conventional studio television operation. Clusters 
of phototubes replace the studio lighting fixtures and the 
flying-spot tube is substituted for the image-orthicon 
camera tube. 

Normally, light from the studio fixtures illuminates the 
scene, and reflected light is gathered by an objective lens 
onto a light-sensitive electrode, where it is transformed by 
the scanning process within the camera tube into electric 
currents. In contrast, the scanning tube and its lens, 
placed where the camera would normally be, produce the 
light and perform the scanning operation at the same time. 
Some of this light reflected from the scene is intercepted by 
the phototube clusters and converted into electric currents. 

The analogous relationship described in the foregoing 
was recognized by the early pioneers in television; this 
relationship was described by Lance and Percy in 1935: 
*‘In this studio there has been a great deal of work done to 
produce an artistic effect by correct lighting of the artists; 
in fact, it was found that, since each photocell could be 
controlled separately to give the correct balance between 
top, side, and back lighting, in imitation of the lighting of 
a floodlight studio, the simplest way of working out the 
lighting effects was to regard the scanning projector as a 
camera, and the photocells as light sources, placing them 


and altering their gain from that point of view.” 


STUDIO REQUIREMENTS 

INASMUCH AS THE VITASCAN SYSTEM operates by virtue of a 
scanning light beam, no illumination other than that from 
the controlled scanning source can be allowed to reach the 
phototubes during the scanning period because this extrane- 
ous light will only produce noise. 

The studio, therefore, must be sealed against ambient 
light. Eliminating all ambient light, however, would leave 
the studio in relative darkness because the light from the 
scanner is insufficient to illuminate the studio adequately. 

This acute problem was literally a stumbling block in 
earlier versions of live scanner operation, since lack of light 
seriously restricted the movement of performers about the 
studio, made it impossible to read, and produced a staring 
expression on the faces of the actors. 

The difficulty of providing adequate light in the studio 
without interfering with the Vitascan operation has been 
resolved by utilizing the 60-cycle vertical-blanking period, 
during which time the scanning beam is extinguished. 

During this blanking period, pulsed or stroboscopic lights 
synchronized with the television system are flashed on in 
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Fig. 1. 
clusters. 


Television studio, showing Vitascan and phototube 


the studio, providing adequate illumination for studio 


action without upsetting the scanning operation. During 
this same period that the lights are pulsed on, the photo- 
tubes or associated video amplifiers, or both, are keyed of 
to prevent overloading. In addition to being lighttight, 
noise is further reduced by employing reflective materials 
on the unscanned walls and ceiling, thus increasing the light 
directed to the phototubes and additionally softening the 


shadows. 


EQUIPMENT COMPLEMENT 


IN ITS PRESENT FORM, the Vitascan is operated as a one 
T he 


actuality, are flying-spot scanners, may be fixed or mobile. 


or two ‘“‘camera’’ system. ‘“cameras” which, in 


One favorable arrangement, which was used at the initial 
NARTB Convention, 


includes the Du Mont multiscanner equipment to provide a 


public demonstration at the 1955 


fixed scanner, augmented by a mobile scanner packaged to 
resemble a standard image-orthicon camera. 

Fig. 1 shows the studio of 200 square feet at the NARTB 
Convention. The equipment complement included the 
following items: (1) two scanning light sources, one mobile 
and one fixed unit, utilizing the Du Mont multiscanner; 
(2) seven clusters of Du Mont 5-inch multiplier phototubes; 
(3) six pulsed light fixtures; and (4) processing amplifiers. 

The Du Mont multiscanner, as seen in Fig. 2, is a flying- 
spot scanner system for slide, opaque, and motion-picture 
film pickup. It utilizes a 7-inch high-voltage cathode-ray 
tube operating at 40 kv. The tube, which is aluminized, 
employes a short persistence zinc-oxide phosphor, coated onto 
a high-quality nonbrowning neutral-density face plate. Use 
of this gray face plate, rather than a clear face plate, 
improves the small area contrast by a factor of ten by the 
reduction of halation flare. Fig. 3 shows how the multi- 


scanner is easily adapted to live pickup work by the re- 


moval of the cabinet for 4- X 5-inch opaques and the addi- 
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Fig. 2. 
scanner. 


tion of the desired focal-length lens to the flying-spot 
cabinet. 


Che 


vision camera and includes a lens turret to provide a choice 


mobile light source (Fig. 4) resembles a_ tele- 


of focal lengths for close-up, medium, or long-shot work. 
This mobile scanner employs a 5-inch high-voltage cathode- 
ray tube, operating at 35 kv, in which special precautions 
have been taken to minimize the phosphor grain size by 
careful control of the screening process. 

The phototube clusters consist of four Du Mont 5-inch 
diameter 10-stage multiplier phototubes of the type shown 
in Fig. 5, closely spaced in a compact housing (Fig. 6). 
Each phototube is covered with an appropriate color 
filter to analyze the reflected light from the scene into three 
primary color channels. One cell is allocated to the green 
G) channel, and one to the blue (B) channel. Two cells 
are supplied for the red (R) channel in order to compensate 
for the lack of sensitivity at the red end of the spectrum. 
The phototubes identified with each color channel are 
a coaxial line which is terminated at each 
the 


bridged onto 


end, thus allowing addition of as many clusters as 


desired. 


Che pulsed, or stroboscopic, lights are of two types. 


Fig. 3. Multiscanner used as fixed Vitascan. 
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In one version, small commercially available xenon flash 
lamps are used, five to a reflective fixture. These lamps 
are triggered to flash during the vertical-scan blanking 
interval. In the second developmental version, miniature 
cathode-ray tubes are employed, three to a reflective fixture. 
These tubes are operated at 15 kv and are pulsed on during 
the vertical blanking interval. 

Operation on the R, B, and G signals, developed from the 
combined outputs of the phototube clusters, is accomplished 
in conventional video processing amplifiers, providing 
phosphor correction, gamma correction, and blanking 
insertion, as normally used in flying-spot scanners. 

The foregoing paragraphs have presented a brief general 
look at the Vitascan system. An expanded explanation of 
some of the more novel features of the system follows. 


VITASCAN PHOTOMETRY 

RETURNING to the basic principles of the Vitascan, it is 
helpful to give a definition of a live-action flying-spot 
scanner. A live scanner is one which televises an object 
having depth, and which, consequently, must provide the 
appearance of “effects lighting.” Fig. 7 depicts a schematic 
top view of a simple monochrome Vitascan. The scene 
being televised is a square white card suspended some 
distance from a gray background. When a single photo- 
tube pickup is placed at the right of the scanner, the tele- 
vision picture produced looks like one from a storage-type 
television camera viewing, from the cathode-ray tube 
position, the scene lit by a single lamp at the phototube 
position. 

Consider what happens at seven equal increments of time, 
T7 through 77, when the scan is just beginning a new line 
in the middle of the picture. The tiny spot on the cathode- 
ray tube is imaged by the objective lens onto the left-hand 
side of the gray background. A small portion of the light 
is picked up by the phototube and a signal corresponding 
to gray is generated and displayed on the screen of the 
television Between 72 T3, no signal is 
produced by the phototube, which results in a black shadow 
monitor. At 15, 


Finally, from 75 


monitor. and 


on the 73 and continuing through 
the phototube transmits a white signal. 
to T7, a gray signal is again displayed. 
If only a single phototube is employed, the resultant 
picture appears to be illuminated by a light at the photo- 


tube position. By employing a number of phototubes 
4 d r p] 


any desired lighting effect can be produced such as “‘key,”’ 
fill,’ and ‘“‘back” lighting. 


The apparent intensity of 
these “lights” are controlled simply by the photomultiplier 
gain. Thus, the video level and the lighting effects are 
controlled by only one individual. 

With the color Vitascan, the picture is analogous to 
having red, blue, and green lamps illuminating the scene 
rather than a single white lamp. 

What additional problems are raised when the fixed 
Vitascan is replaced by a mobile scanner which can be 
moved around the studio and which employs a turret with 
a variety of objective lens focal lengths? For instance, if 
the scanner is dollied very close to the subject, it might be 
supposed that the signal level would be greatly increased. 
This supposition is incorrect. If a 6- X 8-foot gray area 
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is scanned, a corresponding gray signal amplitude is pro- 
duced. If now the scanner dollies in to scan a 3- & 4-foot 
area, the signal level will remain exactly the same, because 
the phototube remains at the same distance and still collects 
the same proportion of the same total light flux leaving the 
scanner. Also, the small area will be four times as bright 
as the large area but, since it has only one fourth the area, 
the total light picked up will be constant. 


The same flexibility of movement is allowed, as with any 


television camera, when the lens turret is changed from 
narrow to wide lens. In any scene, as long as the effective 
f/numbers of the lenses are the same, the signal level will 
not vary with focal length. 

The color Vitascan also produces a live-action signal 
source totally devoid of color registration errors for testing 
of color-television equipment. This absence of color 
misregistery is readily appreciated by reference again to 
Fig. 7. Just prior to 75, the R, B, and G signals are equal 
and produce white. When the spot moves to the gray 
background, all the phototube outputs must change to- 
gether. ‘There is no way for one color channel to change at 
a time different from another. 

SPECTRAL CHARACTERISTICS 

WHEN THE VITASCAN IS USED for monochrome television 
pickup, the over-all spectral characteristic is determined by 
the product of the phosphor times the phototube spectral 
responses. ‘This resultant curve is shown in Fig. 8. If 
appropriate color filters are placed before the phototubes, 
the resultant R, B, and G sensitivities are shown. Sensi- 
tivities relative to monochrome give R, 1 per cent; B, 17 per 
cent; and G, 50 per cent. Thus, the red output was 
doubled to 2 per cent by employing two red phototubes for 
To obtain equal R, B, and G 
signals for white balance, it is necessary to adjust the photo- 


multiplier gains suitably. 


each blue and green one. 


The spectral characteristics for 
equal-signal white, with the corresponding gains indicated, 
are shown in Fig. 9. The poor red sensitivity, requiring 
increased red photomultiplier gain, results in the red 
channel noise determining the over-all acceptability of the 
signal-to-noise ratio in the simultaneous color signal. 


With the 


contamination is present because of the nonlinear transfer 


storage-type color-television cameras, color 


characteristic of each camera tube. From the standpoint 
of color fidelity, the Vitascan is preferred to a slide scanner 
as a color signal source, because colorimetric failures of the 
film processes are avoided. 


OPTICAL PARAMETERS 


SIGNAL-TO-NOISE and depth-of-field considerations have 
proved to be serious problems. Although theoretically 
quite independent, the economics of equipment design 
makes them mutually antagonistic. 

In the first experiments, the depth-of-field was only 
about two feet. To increase the depth-of-field, the lens 
was stopped down, making the signal-to-noise ratio objec- 
tionable. To improve the depth-of-field, it is necessary 
to use a smaller lens aperture, or smaller scan size, or both. 
In either case, the amount of light incident on the scene is 


decreased. Unless the same total amount of light is 
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Fig. 4. Mobile 
light source. 


collected by the phototubes, the signal-to-noise will suffer. 
Higher collection efficiency can be accomplished by adding 
simple reflectors to each phototube cluster and by covering 
walls with sheeting. Also, the total of 


the aluminum 


phototube clusters can be increased; this gives interesting 
modelling effects in the lighting as well as greater light 
collection. 

As a considerable economic problem would exist in 
larger studios employing mobile cameras, it was necessary to 
consider the depth-of-field problem purely from the stand- 
point of the camera design itself. First, a general analysis 
of depth-of-field as a function of cathode-ray tube raster 
the final 


optimizing of the camera design for signal-to-noise was 


size and other variables was made. Second, 


determined by practical problems of cathode-ray tube 
operation. 

The present Vitascan units operate at a distinct theoret- 
disadvantage when image-orthicon 


ical compared to 


cameras in regard to depth-of-field but, in reality, this 


Fig. 5. Multiplier phototube. 
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Fig. 6. Phototube cluster. 


difference is less than that indicated by the figures since 
the theoretical depth-of-field advantage is far from being 

ttained in image-orthicon color cameras because of certain 
effects which reduce the sharpness. This lack of cripsness 
is caused, first, by optical aberrations introduced by the 
complicated lens relay system and, second, by misregistery 
of the red, blue, and green camera scans. 


[The depth-of-field seriously limits the television pro- 


gramming applications, so that a compromise had to be 
made in the mobile Vitascan design. A 5-inch cathode- 
2. x 
Experiments indicate the smallest practical scan size to be 


2.1- X 


ray tube allows a 4.0-inch scan size or smaller. 


2.8-inch, determined primarily by the current 


saturation, grain size, and life of the phosphor. Typical 
operating conditions are 35-kv accelerating voltage at 250- 


The depth-of-field of the 


2.8 is adequate for many types 


microampere beam current. 


=. 


2.8-inch raster at f 


television programming; at 10-foot focus, nearly a 


+-foot depth-of-field is realized. 


STUDIO STROBE LIGHTING 


AS PREVIOUSLY POINTED OUT, two different 
lighting during the vertical blanking interval have been 
developed. At present, the first production version of the 
Vitascan uses a xenon flash lamp, pending quantity manu- 
facture of another light source, a miniature short-persistence 
cathode-ray tube. Although there are points for and 
against both methods, the scheme utilizing the cathode- 
ray tube is ultimately to be preferred. 

In the first method, a trigger voltage of several thousand 
volts is applied to the external electrode of a U-shaped 
xenon Amglo type U-35K lamp. This voltage ionizes the 
gas and a d-c potential of 350 volts from a charged capacitor 
applied across the internal electrodes maintains the ioniza- 
tion, producing a blue-white light output for approximately 
a 100-microsecond duration. Inasmuch as the trigger volt- 
age is synchronized with the vertical drive from a standard 
sync generator, the flash occcurs during the vertical blanking 


interval. To provide a suitable light level, five xenon 


lamps are used in each fixture (Fig. 10). 

[he second method for strobe lighting utilizes miniature 
cathode-ray tubes, Du Mont type K7388, as light sources. 
Each tube consists of a 1'/-inch diameter glass envelope 
with a special triode gun at one end and a metal phosphor 
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methods of 


This 
The 


special gun is designed to produce an unfocused flood of 


plate, inclined at 45°, welded to the other end. 
enables the phosphor to be efficiently air-cooled. 


electrons over the phosphor surface, typical operating 
15-kv 


amperes average current (Fig. 11). 


figures being accelerating voltage at 200-micro- 
An experimental light 
fixture utilizes three of these tubes (Fig. 12). 


With 


current pulse is generated at the output of the phototubes 


either of the aforementioned methods, a _ high- 


during the strobe lighting period. It is, of course, essential 
to prevent this pulse from appearing in the video signal 
leaving the processing amplifier. There are two convenient 
ways to accomplish this: first, by keying the phototubes 
off so as to make them inoperative during the vertical 


blanking interval; and, second, by clipping and keying 


out the unwanted pulse in the video processing amplifier. 


PREVIEW FACILITIES 

‘THE PROBLEM of providing preview facilities, where more 
than one scanner televises the same scene, requires con- 
sideration. Suppose that two Vitascan 


cameras are 


scanning the same scene from different positions. Because 
both light sources would be operating at the same time, a 
On the 
picture monitor, this would appear as two superimposed 
The 


problem, therefore, is to derive two separate signals, without 


mixed signal is generated by the phototubes. 


images as seen from the respective camera positions. 
crosstalk, from the two scanning light sources. Obviously, 
some multiplexing system must be employed. 

There are several possible ways of providing a preview 
picture for the Vitascan; suggested methods were judged 
for suitability by the following criteria: (1) economy, 
governed by the amount of additional nonstandard equip- 
ment required; (2) quality of picture, that is, signal-to- 
noise ratio, resolution, color, or black and white rendition; 
and (3) complexity of operation. Previewing systems 
group themselves in two main categories, time and spectral 
multiplexing. As an example of time multiplexing, the 
retrace portion of the horizontal scanning cycle for the 
preview could be utilized. Spectral multiplexing systems 
can be operated within or outside of the visible spectrum. 


Fig. 7. Principle of Vitascan ‘‘lighting. 
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Fig. 8. Color Vitascan filter shaping. 
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Fig. 9. Color Vitascan spectral characteristic. 


The preview may utilize the existing phototubes or an 


auxiliary-storage camera associated with the scanning 


source. A number of other methods have been investi- 
gated and discarded; however, others hold considerable 


promise of ultimate success. 


CONCLUSIONS 


THERE APPEAR TO BE three major fields wherein the 


Vitascan should find application. These are: (1) industry, 


(2) color-television research, and (3) color-television broad- 
casting. 

Experience with the color Vitascan leads to enthusiasm 
tool. It has definite 


concerning its place as a research 


Fig. 10. Xenon flash lamp fixture. 
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Fig. 11 (top). Mini- 
ature cathode-ray- 
tube strobe light. 
Fig.12(right).Cath- 
ode-ray-tube _fix- 
ture. 


advantages over a transparency scanner. It provides 
excellent color-television signals, especially in respect to 
resolution, color rendition, and lack-of-color misregistery 
From an operational standpoint, it is the simplest and most 
reliable live-action color-television pickup system in exist- 


ence. Its initial cost is relatively low because of the in- 


expensive components employed. Operating costs are 
also low because of the long life and smaller number of 
components. 

the Vitascan 


The major dis- 


In the field of color-television broadcasting, 
has both advantages and disadvantages. 
It cannot be operated 


Multiple 


camera use will be limited until suitable previewing facili- 


advantages are rather obvious. 


outdoors or where extraneous illumination exists. 


ties are developed. 

However, certain of its advantages are not obvious until 
comparison is made with image-orthicon camera operation 
For example, typical color studio operation requires 
illumination levels of at least 100 watts per square foot 
In addition, the heat generated presents a formidable air- 


The 


sents a very significant reduction in operating power costs 


conditioning problem. Vitascan, therefore, repre- 


Perfect colorimetric camera match is obtained at all 
times, since the pickup tubes are common to all scanners 
Because of its excellent color reproduction, no special make- 
up is required with the Vitascan system. 

There is no image burn-in, so that a scanner may be 
left undisturbed on a scene at fixed focus for any length of 
time. Also, the warm-up and adjustment time required is 
only a few minutes compared to the hour or longer needed 


for the image-orthicon color camera. 
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Bedrock Foundations for Manager 


Development 


id. eee 


Six essential elements, constituting a firm founda- 
tion on which business leaders may build effec- 
tive manager-development activities, are pre- 
sented. Dynamic integrative unity is the in- 
compassing concept to be considered, as all the 
elements need to be taken into consideration 
simultaneously for effectiveness. 


HE ENGINEERING PROFESSION was described 
oe a by Herbert Hoover as follows: 
‘As a profession, engineering has both joys and sor- 

rows. ‘The engineer has the fascination of watching a 
figment of his imagination emerge with the aid of sci- 
ence toa plan on paper. Then it moves to realization 
in cement, metal, or energy. Then it brings new jobs 
and homes to men. ‘Then it adds to the security and 
comfort of these homes. That is the engineer’s high 
privilege among professions. 

His 
If he 


makes a mistake, he cannot, like the doctor, bury it in a 


“The profession, however, does have woes. 
work is out in the open where all men can see it. 
grave. Hecannot, like the architect, obscure it by trees 
and ivy. He cannot, like the lawyers, blame it on the 
judge or jury. Hecannot, like the politician, claim his 
constituents demanded it. Nor can he, like the public 
official, change the name of it and hope the voters will 
forget. Unlike the clergyman, he cannot blame it on 
the devil. 

*‘Worse still, if his works do not work, he is damned. 
That is the phantasmagoria which haunts his nights 
and dogs his days. He goes to bed wondering where 
the bugs are which will inevitably appear to jolt its per- 
formance. He awakens at night in a cold sweat and 
puts something on paper that looks silly in the morn- 
ing. 

‘And the world mostly forgets the name of the engi- 
The credit goes to some fellow who 
But the en- 
gineer, himself, looks back at the unending stream of 


neer who did it. 
used other people’s money to pay for it. 


goodness that flows from his successes with a satisfaction 


> 


that few other professions can know.’ 


At the AIEE Summer General Meeting in 1952, T. M. 
Linville, now a Director of the Institute, presented a paper 
on ‘“‘Management of Engineering Work.” Also, at the 
1955 summer meeting, Clarence H. Linder addressed us on 
“The Obligations of Engineering Management in a De- 
centralized Manufacturing Company.” 
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These papers are mentioned because one can read into 
Mr. Hoover’s general statements the realization of the fact 
that one who manages engineering work carries the full 
responsibility not only for his own work, but also for all of 
the work of all of the engineers who report to him. This 
puts a multiplying factor on the significance of Mr. Hoover’s 
words which is an exponential function of (i.e., greater than 
directly proportional to) the magnitude and social import 
of the project headed by the engineering manager. 

The focus of attention in this article is on essential ideas 
which, taken together, constitute a firm foundation which 
will stand the test of time and upon which the leaders of 
any business enterprise may build educational activities 
aimed at helping men develop themselves as managers. 
Many of these thoughts are equally essential in understand- 
ing managerial work itself as a career and a profession 
worthy of study throughout a man’s business life. These 
ideas came from literature, leaders in business schools, 
leaders in other businesses, and interviews with over 300 
General Electric Company managers. This short sum- 
mary cannot be exhaustive, it can only point out what ap- 
pear to be essential elements in the foundation on which the 
structure of wise future action can be built. 

This foundation will be looked at under six phases, 
namely: 


Individuality. 

Universality of opportunity for personal growth. 
Attention focused on the man, 

Attention focused on the work. 

Attention focused on the future. 

A business enterprise as a dynamic integrative unity 


As a word of warning, it will be recognized quickly that 
these headings are in many ways interrelated and insepar- 
able. Their consideration in this manner is simply a means 
for looking at several aspects of our present knowledge of 
the foundation on which effective manager-development 


activities can be built. 


INDIVIDUALITY 


INDIVIDUALITY is a fact. No two people are alike in 
their interests, attitudes, emotions, abilities, experiences, 
desires, or inner drives. Furthermore, everyone changes 
continually so that one individual is not the same today as 
he was a year or a week ago. Lack of recognition of this 
fact can lead to, and ofttimes in the past has led to, unfruit- 
ful and even undesirable results. 





Revised text of an address presented at the AIEE South West District Meeting, Dallas, 
Tex., April 2-4, 1956. 
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Because of these differences between individuals, words 
and symbols of all kinds mean different things to different 
people, so that a manager spends a large portion of his 
time and effort building workable understandings between 
himself and his associates. 

Again, situations change continually. In real life, time 
is irreversible and the patterns of circumstance do not repeat 
exactly, although it seems sometimes that one may continue 
to make similar mistakes because of failure to learn from 
past experience. 

Because no two people are alike, situations change, 
words and symbols mean different things to different 
people at different times, every new contact between one 
individual and another is in some respects a new situation. 
A manager, desiring to accomplish recognized purposes 
through people, must adopt an approach which takes into 
account individuality of people and uniqueness of events. 
There are principles which can be genuine guides, but 
specific actions need to be tailored to specific circumstances 
to achieve greatest effectiveness. 

Next, consider individuality in another sense. The way 
of life in American society, in particular, and the Christian 
world, in general, is based upon our belief in the dignity 
and worth of each individual human being. Government 
is made to serve the people, not people to be servants of the 
State. 
be legitimate; that is, it must win the support of those who 


In our society, if an institution is to survive, it must 


A business 
enterprise is such an institution and, if it is to continue to 


contribute to and benefit from its activities. 


thrive, its leaders must continually earn its place in society 
by employing ethical and moral practices through satisfy- 
ing human needs and treating all people as individuals hav- 
ing personal worth and dignity. 

Each of us, as a 
mature self-determining adult, is responsible for his own 


Individuality has another connotation. 
self-development and self-discipline. No one can develop 
or teach anyone else if the other wiils not to learn. 

The initiative and desire for learning must come from 
within one’s self. Others can help, guide, and motivate, 
as well as supply fuel and direction, but the igniting spark 
to turn external resources into power for growth must come 
from within the individual. 

The re- 
sources for continuing mental growth lie within each 
individual. 


Growth means change. Growth is natural. 
Thus, continuing self-development is a natural, 
normal, and desirable activity throughout life. Those who 
continue to grow in understanding and ability to the 
greatest degree reap the satisfaction of personal achievement 
and, also, contribute most to their business and to society. 
One definition of success is the degree to which one’s 
accomplishments represent the maximum possible use of all 
of one’s personal resources. Each manager has prime 
responsibility for his own self-development and, also, for 
aiding those who report directly to him. 

One obvious result of the fact of individuality is that the 
use of so-called ‘“‘canned”’ programs, wherein everyone is 
subjected to the same externally imposed “treatment,” 
A more fruitful course 
is to design educational activities tailored to individual 


needs. 


is quite likely to be very inefficient. 
This does not say that groups of individuals cannot 
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profitably work together on common problems or in fields 
of learning of interest to all, but the individualistic natur 

of the learning process needs to be a major factor in th 
design of such educational activities. 

This necessity for an individualistic approach should be 
kept in mind as one considers other interrelated aspects of 
the foundations on which can be built activities designed 
to help managers develop themselves. 

OPPORTUNITY FOR PERSONAL GROWTH 
UNIVERSALITY OF OPPORTUNITY for personal growth has 
] 


far-reaching implications in its contribution to the foun 


tion on which manager-development activities can be 


built 
This means that opportunities for self-improvement and for 
advancement based upon merit should be open to every 
employee who demonstrates: (1) excellence in performance 
on his present job, (2) evidence of potential for further 
growth, and (3) willingness to pay the price in personal 
effort and dedication. 


Each manager has a responsibility, not only for his own 


self-development, but also for helping each individual who 


reports directly to him as each such individual stretches to 


develop his own abilities in work of value to his business 


[he potential for such growth is limited only by the in- 
dividual’s personal performance and the needs of the 
business enterprise for the work which he can do. 

In this age of emphasis on undergraduate and advanced 
college degrees, valuable as they are as evidences of con- 
centrated study and specialized knowledge, it should be 
remembered that many able men have not had such ad- 
vanced educational opportunities. College training does 
not make an educated man; neither do the number of gold 
keys worn on his watch chain, nor the number of letters 
appended to his signature. Regardless of where formal 
schooling terminates, self-education needs to be a lifelong 


process; the college graduate is sadly misguided if he 
thinks at the termination of his formal schooling that he has 
done much more than learn how to learn. ‘Therefore, the 
paths for self-improvement and advancement need to be 
kept open for every individual who consistently and per- 
sistently continues his self-development, regardless of where 
his formal educational stopped. 

This concept is drastically different from the ‘“‘crown 
prince” or “‘white-haired boy” approach wherein a few 
so-called ‘‘comers”’ are selected for preferential treatment. 

It is believed that morale, work satisfactions, and total 
productivity will all be highest if the principle of universal 
opportunity is known by all and, truly, practiced by man- 
agers as they work with and recommend for promotion 
those who report to them. 

Just as strong is the belief that the “crown prince” 
approach is disadvantageous both for the man receiving 
preferential treatment and for the company as a whole. 
Disadvantageous for the individual if his associates are 
jealous or suspicious, thus producing poor working climate 
and blocks to good teamwork, or the excellence of his 
personal performance on assigned work becomes slipshod 
because he thinks the competition already is won and he 
need not worry if he coasts for a while. Disadvantageous 


for the company if many of the 90 per cent or so who are not 
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on some list of “crown princes” are disgruntled and leave 
or say to themselves, “‘What’s the use, some fair-haired boy 
is already slated for the promotion I want, I can’t get it 
anyhow, so I'll coast along and do just enough so that I 
don’t get fired!’ Morale and work output would be very 
low if this were the working climate and general feeling. 
Another thought in this connection has to do with the 
present much-publicized shortage of engineers. A large 
fraction of the engineers, who now work for a company 
like General Electric may not be stretching anywhere near 
the limits of their potential ability because our engineering 
managers have not adequately challenged their men to 
achieve such improved performance. 


effort 


Widespread planned 
should be initiated through job enlargement, in- 
creased pay, and recognition for those who rise to these 
greater challenges, and the offering of universal opportuni- 
ties for growth for those who demonstrate: (a) an excel- 
lence in on-the-job performance, (b) an evidence of poten- 
tial for further growth, and (c) the all-important willing- 
ness to pay the price in personal effort. Where the fore- 
going change can be done thoroughly and consistently 
throughout an entire engineering department, beginning 
with the secretaries and draftsmen, general upgrading can 
result as men capitalize on their abilities and past experi- 
ence to increase the scope and productivity of their work. 
By such a general analysis and effort, a company will 
approach maximum engineering results through the ac- 
complishment of its engineers; also, the engineers will have 
a sense of job satisfaction, personal accomplishment and 
recognition, as well as higher salaries. 

Again, terms of 
company-wide activities, this idea of universality of oppor- 


before considering implications in 
tunity for personal growth should be compared with that 
of individuality, while three more headings of a slightly 
different kind are considered. 


ATTENTION FOCUSED ON THE MAN 


THE THIRD THOUGHT is that a manager’s attention must 


focus on the man. By definition, a manager is one whose 
principle work is leading the men in his component and 
getting the work of the component done by and through 
the men who report directly to him. If what he does is to 
be done in the best possible manner, every thought and 
action must be based not only upon the work of the com- 
ponent, but also upon concern for and understanding of the 
men and women who comprise the component and upon 
whom future performance depends. This leads directly 
to the recognition that not only must a manager know 
enough of the physical sciences to understand the technical 
aspects of the work of the component, but also that he must 
know enough of the human sciences to accomplish results 
through other men. Thus, as a manager develops himself, 
regardless of his previous technical training, he needs to 
study and acquire a working knowledge of economics, 
psychology, sociology, government, philosophy, ethics, and 
the heritage of how men have 


religion accumulated 


learned to live together and associate their efforts in group 


undertakings for mutual benefit. 
Again, lifetime self-education is indicated. Whatever 


an individual’s formal schooling may have been, he needs to 
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continue his studies along two parallel lines: first, in the 
technical or functional field in which he is specializing, 
such as electrical engineering, if he is to become a leader 
in his chosen field of work; and, second, in the broader 
economic, social, and political fields which pervade and 
encompass his technical work, if he is to understand the 
environment within which his business operates and learn 
how to work effectively with his fellows in a common 
enterprise. This latter area of self-education is of para- 
mount importance if the individual aspires to a position in 
which he manages the work of others. Continued self- 
education in the social sciences is a must, because no amount 
of theory is sufficient. Understanding and true learning 
result from applying theory to practice, as well as from 
actually performing the actions which lead to better working 
relationships between people and to better teamwork 
toward achieving chosen goals. It is through study of 
theory and application of principles to working situations 
that a manager can make use of the accumulated wisdom of 
man’s progress as a social being, as recorded in writings in 
fields such as economics, psychology, philosophy, sociology, 
ethics, and religion. 

Much of the literature on managerial subjects is based 
on what appears to be a fallacy, namely that managerial 
work can be classified into two parts—the so-called “‘mech- 


anistic’? and “humanistic”? parts. Our efforts to define 
and describe managerial work started out this way, but it 
soon became apparent that this approach should be aban- 
doned as a superficial, artificial, and unrealistic separation. 
There is no part of a manager’s work which can be done 
effectively without concern for and knowledge of the men 
and women who contribute to and benefit from the work 
being managed. For this reason, “Shuman relations’”’ is not 
separated at any particular part of the description of 
relations are inherent in all 


managerial work. Human 


parts of such work. Thus, it is an essential aspect of a 
solid foundation for manager-development activities to 
have the focus of attention on the man—his feelings, 


attitudes, behavior, and motivations. 


ATTENTION FOCUSED ON THE WORK 

THE NEXT THOUGHT on which to focus attention is work. 
The first and obvious reason is that the prime objective 
of managerial effort is to achieve the purposes, accomplish 
the objectives, and bring to fruition the results which have 
been set for the component or enterprise being managed. 
If desired results are to be realized, the manager must 
consider all aspects of the work which is necessary to convert 
desires and possibilities into accomplishments. 

Another reason for focusing attention on work is that one 
learns best by doing. Intellectual study, understanding, 
and acceptance of new ideas is necessary, but is not enough. 
One has not really learned something new until one can 
and does put the knowledge into practice. Growth means 
the acquisition of new knowledge and new skills, as well as 
modifying and building on the old. Learning 

of life. 
achieved in an 


means 
Thus, 
educational 
activity for adults if individual study, individual work, 


converting mental growth into a way 


understanding can best be 
and informal and planned group discussion are combined 


ELECTRICAL ENGINEERING 





with lectures and presentations. Thus, learning is not 


completed until new ideas are put into practice in day-to- 


day work on the job. The fruits of the learning process 
show up in performance; therefore, a manager’s thoughts 


and actions need to be work focused. 


ATTENTION FOCUSED ON THE FUTURE 


‘THE FIFTH ASPECT of our foundation for manager-develop- 
ment activities is that a manager’s attention needs to be 
focused on the future. To say that conditions are always 
But is it fast 


how great will be the impact of rapid 


changing is commonplace. realized how 
they are changing; 
world-wide, economic, social, and political changes on our 
own business situations; and how great will be the impact 
of rapid technological developments on managerial work. 
The present is a time of extremely rapid world-wide change 
in almost all areas of technical development and also of 
human relationships. 

A period is being entered in which managerial work itself 
is under intense study. As the great potentialities for 
improvement in performance of this kind of work become 
recognized, the practice of management itself will change 
markedly. Also, simultaneously with the recognition of 
increasing complexity of situations necessitating business 


decisions, there are being developed marvelous tools for 


analyzing and processing data, which can be used by 
managers to provide for themselves hitherto unobtainable 
information upon which to base business judgements. 
Again, as mechanization and automation become increas- 
ingly more characteristic of mass-production industries, 
the size of capital commitments, time span affected, and the 
risks involved in managerial decisions are very greatly 
increased. Furthermore, the recruitment of workers of 
all kinds who have requisite abilities, as well as the educa- 
tion and time needed by them to acquire requisite new 
skills, becomes an ever increasing concern of managers. 
These facts mean today’s managers need to study and 
understand the opportunities and challenges which the 


future is likely to bring, if they are to make right decisions. 


DYNAMIC INTEGRATIVE UNITY 


THE sIxTH and all-encompassing thought in looking at 
bedrock foundations for manager-development activities 
is that of dynamic integrative unity. A favorite quotation 
of a good friend of mine is, ‘‘Words are but empty vessels 
into which meaning must be poured.” Therefore, let us 
look at the three words in this thought. First, consider the 
noun “‘unity’—the following related dictionary definitions 
add to an understanding of the meaning of the word: 
(1) state of being one; oneness; singleness; (2) concord; 
harmony; conjunction; agreement; accord; uniformity; 
as a unity of sentiment, proof, doctrine; (3) a uniting or 
being united into one body; unification; hence, a body 
formed by union; (4) a quality or fact of constituting a 
whole; a totality of related parts; a complex or systematic 
whole; and (5) a thing that is or seems complete in itself. 
Each component in a business enterprise is a “unity” in 
itself, comprised of smaller unities which, in turn, are 
teams of individuals having differing abilities and interests. 


The ‘“‘unity” comes about because the individuals, who 
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make up such teams and progressively larger unities, are 


working together toward common purposes of mutual 


benefit to all. This progression is extended until the whole 
business enterprise becomes a “unity” in the environment 
of our society. At this point, the many means for building 
such unities will not be considered, except to say that in- 
dividuals must understand and accept the common pur- 
poses before they can make their maximum contributions. 

Consider the adjective “‘integrative’—one might think at 
first that this is unnecessary redundancy because the concept 
of unity inherently includes the integration of parts of the 
whole. The suffix ‘‘-ive’’ gives the clue as to why the modi- 


fying adjective is used. The word “integrative” describes 
the kind of a unity being discussed—a unity into which, by 
purposeful design, integrating forces are provided and 
channels for integrative action have been built, which lead 


Ex- 


amples of these built-in integrative influences thus are: 


naturally toward ever more effective teamwork. 
1) emphasis on having clearly stated and well-understood 
objectives and goals for the entire company, as well as for 
each component, in order to focus the efforts of all em- 
ployees toward the accomplishment of desired results; 
“own 


(2) parallel emphasis on “teamwork,” as well as 


work” responsibilities and accountabilities in all position 
guides; (3) emphasis in decision making on balancing the 
best interests of all concerned; (4) emphasis on thinking 


company-wide when proposed decisions affect people 


outside of one’s own department; (5) emphasis in all 
services on researching and teaching in their respective 
fields, so as to help all departments in keeping ahead of 
competition; and (6) emphasis of all company officers on 
balancing and promoting company-wide best interests. 

These examples have been cited to show that General 
Electric and all of its departments and divisions are being 
designed to be self-integrating. Therefore, the company 
can be described as an integrative unity. 


Now 


changeless 


for the adjective ‘‘dynamic’”—nothing is more 


than the inevitability of change. Growth 


means change. Nothing animate is the same today as it 
was yesterday, nor will it stay alive without further change. 
All this is obvious, and recognition of the implications is 
vital to the future progress of a company and the well-being 
of all its employees. Thus, the thinking of all planners, 
organizers, managers, and leaders in all kinds of work must 
be dynamic and forward looking, if the results of efforts 
are to measure up to opportunities. Purposeless change 
is futile, but beneficial innovation is the lifeblood of prog- 
ress. A business enterprise must continue to be dynamic, 
if it is not to ossify and die. 

All of the ideas expressed in this article need to be taken 
into consideration simultaneously if manager-development 
activities are to be most effective. Therefore, “(Dynamic 
Integrative Unity” is the encompassing concept which 
fuses together the bedrocks of individuality, universality of 
opportunity, focusing attention on the man, the work, and 
the future in the self-education of managers. 
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Anomalous Flashovers on Transmission Lines 


J. MILLER, Jr. 


MEMBER AIEE 


WO POWER COMPANIES recently have experi- 

enced outages caused by lightning far in excess of the 
rate predicted by usual methods. Furthermore, it has 
been found that most of these outages are caused by the 
flashover of top or middle phase insulator strings on 
towers with very low footing resistance, which represent 
phenomena contrary to the usual theory. Many of these 
insulators have lightning-produced glaze burns, which hug 
the porcelain surface on both sides of the disk, even into 
the depths of the grooves between petticoats. This char- 
acteristic, coupled with laboratory experience in impulse 
testing, suggests that the lightning voltage pulses which 
produce these glaze burns have very steep fronts, and that 
in a fraction of a microsecond they probably reach crest 
potentials considerably in excess of the usual 1'/2 X 40- 
Marks found 
on tower tops show where they have been hit by lightning 


the 


possibility that these anomalous flashovers may be because 


microsecond-wave Critical flashover voltage. 


strokes, and it is this observation which rules out 


of shielding failures. 

In the high-voltage laboratory of the Ohio Brass Company 
Barberton, Ohio, a 3-million-volt impulse generator, with- 
out series resistance and charged to 2.5-million volts, when 


> 


discharged into a 22.5-foot section of an angle iron tower 


Fig. 1. Flashover of a 3-unit insulator string shunted by 
an angle iron tower leg. 
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leg, as shown in Fig. 1, produces enough voltage across 
it to flash over a 3-unit string of suspension insulators con- 
nected in parallel with it. Glaze burns produced on the 
units in this test show the same surface-hugging character- 
istics found in field units. 

A photograph of a 12-unit insulator string shunted by a 
rod gap, which chopped the steep-front voltage wave from 
the 3 million volt impulse generator just prior to flashover 
of the string, shows that 8 of the 12 units have practically 
flashed over, and that flashover is imminent on the 4 re- 
maining units. This test and many like it indicate that 
each unit in a string builds up to flashover simultaneously, 
and suggests the idea that a long string of insulators may 
flash over in almost as short an interval of time as that 
required for the flashover of a single unit. This leads to the 
conjecture that a “‘fractional-microsecond flashover” may 
occur on a string in the field when it is subjected to a steep- 
front voltage pulse of sufficient magnitude. 

Using traveling-wave theory, it can be shown that a 
lightning stroke to a tower top can produce at that point a 
potential with respect to ground, that in a fraction of a 
microsecond can reach a crest value many times higher than 
the maximum tower-base voltage, which in turn is deter- 
mined by the product of footing resistance and maximum 
tower current. When the jirst wave reflected from the 
tower base returns to the top, it alleviates the voltage 
build-up at that point; as a result of this and successive 
reflections, the tower-top potential merges with the 
tower-base voltage within 1 microsecond. Factors which 
tend to increase the tower-top voltage include an increase 
in tower heights, an increase in the steepness of the front of 
the voltage or current wave, and an increase in the ground- 
wire surge impedance. 

The voltage across an insulator string is the difference in 
potential which each end has with respect to ground. The 
upper end has the potential of the supporting crossarm, 
which depends upon its location on the tower. The lower 
end has the potential of the phase wire as determined by the 
60-cps line-to-ground voltage. This voltage may add or 
subtract to the crossarm potential and, hence, at times 
may cause a greater voltage across a middle phase than 
across a top phase string, thereby causing it to flash over 
occasionally. 

Recognition of the causes of these anomalous flashovers 
will undoubtedly result in a renewed interest in the flash- 
over characteristics of line insulation in the region below 
2 microseconds, and reinvestigations of the design factors 
for high-voltage transmission lines. 
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Development of Communications in Canada 


J. W. NOYES G. 


GAUDET S. 


BONNEVILLE 


MEMBER AIEE 


ANADA’S ENORMOUS AREA, :consisting of almost 

4-million square miles, makes it the third largest 
country. Natural barriers separating the populated areas 
prevented the establishment of a transcontinental telephone 
system until 1932. 

The experience of the Trans-Canada Telephone System, 
representing the seven major telephone systems in Canada, 
in developing a transcontinental telephone network is de- 
scribed. The operational problems are discussed inasmuch 
as they were the most difficult to resolve. 

The route followed across the continent is shown in Fig. 
1. It extends from the Atlantic to the Pacific Oceans pass- 
ing through all the key cities; the over-all distance is about 
4,200 miles. In the thinly populated thousand-mile section 
north of Lake Superior (between Sudbury and Winnipeg) 
and through the Rocky Mountains, arrangements were 
made to carry the telephone circuits on the Canadian 
Pacific Railway pole lines, thus avoiding the need to build 
duplicate pole lines in these difficult sections. 

The initial development of the route was on an open-wire 
and type C carrier basis. As much use as possible was made 
of existing toll leads, but in order to meet the strength re- 
quirements of a Class A line, it was necessary to rebuild some 
2,000 miles of line. 

The transmission objective was to meet the limits of the 
general toll switching plan proposed at the time. To this 
end, the best available grade of outside plant was con- 
structed using 165- and 128-mil copper wires on type CS 
insulators, with 8-inch spacing between wires and a mini- 
mum of 16-inch spacing between pairs. The two top cross- 
arms on the lead were reserved for the large gauge wires 
used for long haul circuits. This necessitated the relocation 
Be- 
tween Halifax and Vancouver there were 22 intermediate 
repeater points. The average repeater spacing was 180 
miles and the longest sections 250 miles in length. 

The C carrier capacity of the line was exhausted in the 
early years of World War II, when there was about 30,000 
system miles of C carrier in operation. Of this network 
about 60 per cent was made up of systems 1,000 miles or 
more in length. The longest of these was 2,170 miles. The 
next step was to develop it for J carrier operation. 


of existing 104- and 114-mil pairs on lower crossarms. 


This development presented several unusual features. 
These included the length of the systems involved and the 
1,000-mile section between Sudbury and Winnibeg where 
the telephone circuits are carried on the railway pole line. 
This latter situation imposed complex problems of electrical 
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and physical co-ordination, one of which was the presence 
of signal wires on the pole line which could not be inter- 
fered with even though they were tertiary paths contributing 
to crosstalk and singing. In addition, a wide range of 
weather conditions comprising sleet, freezing rain, and wet 
snow in some sections, as well as hoarfrost in others, had to 
be allowed for in designing the system. The Rocky Moun- 
tains in the West presented many difficulties among which 
were snow and rock slides that buried or carried away ex- 
tensive sections of pole line. There were also power supply 
and accessibility problems, as well as voltages between 
wires and ground of 500 to 1,000 volts caused during mag- 
netic storms. 

The design which was adopted involved retransposing 
the J pairs all along the route to the J5 or K82 design and 
construction of a new 80-mile section in the Rockies to 
minimize the effect of snow and rock slides. Spacing of the 
repeater stations varied from 30 to 70 miles depending on 
the probability of ice incidence. The layout was designed 
to overcome line losses of from 1 to 2 db per mile, and aimed 
at limiting outages to not more than 5 to 10 days per year. 

Many special measures were applied to control singing, 
noise, and crosstalk and to ensure protection, in order to 
provide the best performance and greatest freedom from 
service interruptions that was economically feasible. 

Maintenance of the facilities in the undeveloped 1,000- 
mile section on the railway line presented many problems 
involving staff, transportation, housing, gasoline engine 
While these have all been 
resolved satisfactorily some of the solutions are unique in 
telephone annals. 


driven generators, and others. 


Even though carrier systems of 1,000 
miles or more are in operation, maintenance is good. 

The open-wire line has been developed to its maximum 
capacity. Long-term relief is being provided through the 
construction of a coast-to-coast radio relay system carrying 
television and L carrier facilities. Over-all completion of 
this new structure is scheduled for late 1957 or early 1958. 
The additional circuits required for direct distance dialing 
will be furnished economically over the new radio relay 


structure. 
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Fig. 1. Trans-Canada Telephone System toll routes 
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High-Potential ‘Testing of 


Aircraft Equipment Electrical Insulation 


B. KILMAN 


MEMBER AIEE 


Recent investigations of air-gap breakdown 
through holes in insulating materials, simulating 
faults in aircraft equipment, have produced 
valuable facts, such as those regarding dielectric 
fatigue, minimum test voltage, and transient 
voltage effects. However, need for testing at 
later stages is not eliminated, as during the vari- 
ous manufacturing processes, storage and use, 
damage or deterioration may be introduced. 


WO METHODS ARE KNOWN for finding out 
OE deer aircraft-equipment insulation is adequate: 

one is to wait for service failures, and the other is to 
test it properly. The high-potential dielectric test is the 
principle means of detecting holes, cracks, discontinuities, 
metal inclusions, and other flaws in insulation. Because 
all insulating materials contain flaws, are subject to damage 
in fabrication, deteriorate with age, and since material 
inspection is never 100 per cent perfect, properly engineered 
electrical insulation can and does fail. 

[he detection of an insulation fault at the earliest pos- 
sible stage minimizes the cost and hazard. An inspection 
defying 0.003-inch diameter “‘pin hole” or crack where the 
insulation was intended to lap, if detected when the coil 
is first assembled on the core, will cost the least to correct. 
If the test is not made at this point, man-hours are added to 
this faulty part and the cost goes up and up. Likewise, 
after a faulty insulated coil is impregnated and baked, or 
ifter assembly of a complete machine, or at the customers 
receiving inspection, the cost is multiplied at each stage. 
Finally, if this insulation fault is not discovered until failure 
in flight, truly high penalties may result. 

Rigorous insulation quality control at any or all pre- 
ceding stages may not eliminate the need for high-potential 
testing at later stages. In the progress of producing an 
aircraft electric component from the basic materials through 
usage to the scrap heap, the various stages of manufacture 
and usage all introduce the possibility of insulation damage 
or deterioration. ‘Thus, the only sure way to determine if 
the insulation is airworthy is to test it. 


PROPER TESTS NOT INJURIOUS 

['HE COMMON CONCERN over insulation damage is not 
justified when proper high-potential test methods are used 
on equipment insulation which is up to acceptable stand- 
ards. Normal high-potential tests of equipment are never 
intended to determine the maximum voltage which the 
insulation will withstand. Dielectric-strength 


tests are 


normally applied to insulation materials, but not to fabri- 
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P. DALLAS 
MEMBER AIEE 


cated equipment. The entire purpose of equipment di- 
electric test should be to discover flaws in the insulation. 
Therefore, a high-potential test voltage should be high 
enough to discharge through a hole in the insulation, but 
not high enough seriously to stress solid insulation materials 
or surface air gaps designed to acceptable aircraft dimen- 
The insulation 
breakdown potentials in excess of 1,000 volts per mil. It 
is obvious, if 0.003-inch insulating material contains a 
pinhole, that the potential required to breakdown this 
air gap will not seriously stress either the solid insulation 
or normal air gaps in the equipment. Marginally thin 
insulation will, however, be detected. 


sions. better aircraft materials have 


A voltage sufficient 
to break down a 0.003-inch air gap may puncture insula- 
tion which is dangerously thin. Solid insulation can be 
dangerously thin because switching transients often cause 
high voltages in the normal operation of the equipment. 
Because inductive-circuit interruption transient voltages 
may reach values of more than 1,000 volts, it is, indeed, 
important that high-potential test voltages should detect 
If these 
high-potential test, 


holes, cracks, and marginally thin insulation. 


discontinuities are not detected by 
then, in operation, inductive-circuit interruption transients 
are very likely to discharge through these flaws or puncture 
marginally thin insulation and cause insulation failure by 
tracking. 

Repeated dielectric stresses do produce voltage fatigue 
failure of insulation. However, it is not justifiable in 
coming to the conclusion that repeated high-potential 
tests of equipment are, therefore, damaging and undesirable. 
In the first place, this phenomena is analogous to fatigue 
failure in metals. There is a voltage fatigue limit effect 
with voltages below this limit in value, producing a negligi- 
ble effect on While far little 


about voltage fatigue limit values for aircraft insulation, 


insulation. too is known 
it is safe to say that proper dielectric-test procedure will 
not even closely approach this limit for acceptable thick- 
ness of insulation, where the test voltage has been selected 
to discover holes in the insulation and, therefore, is main- 
tained substantially below the ultimate dielectric strength of 
the material. For example, the dielectric strength of a 3-mil 
thick section of “mylar” at 150 C is given as 3,000 volts per 
mil. Dielectric fatigue effects for 10,000 or less repetitive 
voltage stresses disappeared at approximately 80 per cent 
of the breakdown voltage for this material; in this case, 
9,000 volts. So repeated dielectric tests at less than 7,000 
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Fig. 1. Dielectric 
breakdown voltage 
of holes in 0.003- 
inch thick mylar 
insulation. Ten 
**Hi-Pot’’ tests 
made at each in- 
dicated thickness. 
Solid line indicates 
break- 


voltage; 
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volt- 


volts would be unlikely to affect a measurable reduction in 
the breakdown voltage of this insulation. When it is 
considered that the proper dielectric test for this insulation 
would be 2,000 volts or less, and similar stresses to this 
might occur in operation as a result of switching transients, 
it seems unjustified to limit the use of the high-potential test 
technique on the basis that insulation damage is likely to 
occur, }:?,5,7 


MINIMUM TEST VOLTAGE 

FAILURE ANALYSIS of 28-volt equipment repeatedly dem- 
onstrated that 500-volt 60-cps a-c tests were not detecting 
insulation flaws which subsequently cause service failures. 
Circuit interruption transient voltages discharged across 
the insulating materials discontinuities which the standard 
500-volt 


realized 


test 


that 


potential had failed to discover. It was 


the air gap, demonstrated that 500-volt high-potential 


tests were not enough. Existing information could have 
provided the basis for approximate determination of di- 
electric test voltages. However, such determinations left 
a lot of doubts and unanswered questions. 

An experimental investigation of the subject, concerning 
breakdown voltages of air gaps through small-diameter 
openings in present aircraft insulation was undertaken. 
It was anticipated that the following factors might alter 
or affect the breakdown potential through insulation flaws: 
(1) voltage gradients in the gap area caused by the change 
in dielectric constant from insulating material to air at the 
edges of the hole; (2) limited dissipation of the heat of dis- 
charge caused by loss of convection cooling and surround- 
ing the gap with insulating material; 
the air-gap area with products of the discharge from the 
metals and insulating materials; and (4) air-gap pressure 
changes caused by confining the discharge in small holes. 
Although individual analysis of these and other factors pos- 


small holes 


in insulation was beyond the scope of our investigation, an 


sibly affecting air-gap breakdown through 
over-all experimental determination of the combined effects 
was made. 

Various sizes of holes in a range of commonly used 
thicknesses of mylar, “‘teflon,’? mica, and vulcanized fiber 
(fish paper) were tested for breakdown voltage under 
carefully controlled conditions. Hole diameters used 
were 0.003, 0.005, 0.007, and 0.009 inch (Figs. 1 and 2). 
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simple calculations, made on the basis of 


(3) contamination of 


Kilman, Dallas—Testing of Aircraft Insulation 





Dielectric 


Fig. 2. 
breakdown 


8 


volt- 
age of holes in 
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Insulation material thickness was varied for each size of 
hole from 0.001 to 0.009 inch in commercially obtainable 
The test jig shown in Fig. 3 was constructed in 


Materials 


insulating 


steps. 
accordance with American Society for Testing 
(ASTM) D749-44 specifications for the test of 
tapes with opposing cylindrical-rod electrodes, 1/4 inch 
in diameter with edges rounded to a radius of 1/32 

Che 


electrode surfaces were polished to a 10-microinch finish 


resting on the insulation with a force of 1/10 pound. 


and were repolished after each discharge. It found 


that 


was 


consistent results could not be obtained unless ex- 


treme care was used to avoid contamination of electrode 


and insulation surfaces. A fingerprint could alter results 


beyond use. Medical operating theater type care and 


cleanliness was required. Because the dielectric breakdown 


voltage of the air gap in the holes in the insulation was 
under investigation, temperature and humidity changes had 


no significant effect on the result. To check this point, 


similar voltage breakdown tests of 0.003-inch holes in 


0.003-inch mylar tape were made at 125 C and at room 


temperature. The differences between the two series of 


tests were all within the +20-per-cent repeatability range 


of the test procedure. To those not familiar with this type 


of test, a +20-per-cent repeatability of air-gap breakdown- 


voltage data is not easy to achieve. The technique of 


punching uniform-diameter holes without thickening the 


insulation around the hole in materials which tend to 


flow, such as mylar, is a real problem. Microscopi 


measurement of each hole diameter and thickness must 


be made to secure repeatable results. 
Dielectric breakdown voltage of holes in mylar insulation 


and 2 


shown in Figs. 1 are typical of all the insulating 


materials. It is to be noted that a 500-volt rms 60-cps 
high-potential test, currently used on much aircraft equip- 
ment, would not detect a flaw reliably in insulation thicker 
than 0.001 inch. One-thousand rms volts would be 
required to detect a 0.003-inch diameter hole in 0.003- 
As expected, larger diameter holes 


inch of insulation. 


broke down at lower voltages. 


DISCHARGE THROUGH INSULATION HOLES 
TO RELATE THE OBSERVED FACTS directly to aircraft-equip- 
ment operation, a typical aircraft circuit was set up so 
that the circuit interruption transient voltage could be 
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Fig. 3. Test jig for testing breakdown voltage and tracking of 
insulation. 


applied directly to 0.003-inch hole in 0.002-inch thick 


mylar insulation under the conditions specified. A standard 
28-volt fire-extinguisher solenoid, producing a maximum 
1,000-volt 


Fig. 3). 


circuit interruption transient discharge, was 


applied to the jig Complete tracking to a low 


resistance below a thousand ohms occurred in a single dis- 


charge. When this test was repeated with 20 fresh samples, 


in no case did it take more than 10 discharges to produce 
insulation failure. The seriousness of this observation is 
indicated by the fact that it took 100 to 200 similar dis- 
charges across the machined surface of a fabric-base air- 
craft-quality phenolic insulation to produce a similar 
failure. The energy in the circuit interruption voltage 


transient of this fire-extinguisher solenoid was watt- 


seconds, but the maximum rate of energy dissipation was 
338 watts. It is the high rate of energy dissipation in 
circuit interruption transient spark-overs that is so damaging 
to insulation. The electrodes used during this part of 
(1) either 


mylar had exceptionally bad tracking characteristics, or 


the test were made of brass. It appeared that: 
2) the tendency to produce tracking was greatly increased 
by confining the discharge to a small enclosed area. 
Investigation of small-hole tracking of some insulation 
materials was undertaken to answer the questions raised 
in connection with the fire-extinguisher solenoid switching 
transient test, as described. Referring to the schematic 
circuit diagram of Fig. 4, the test jig of Fig. 3 was connected 
to a standard 2,500-volt high-potential dielectric test in- 
strument which provided close control of both voltage and 


current. Breakdown voltage was continuously controllable 


from zero to 2,500 volts and the discharge current was 
continuously controllable from 50 microamperes to 20 
An connected so 


that discharge time was controlled for 2!/»-seconds ON 


milliamperes. automatic timer was 


and 2'/;second orF periods. This timing cycle allowed 
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stable meter readings to be taken before, during, and after 
each discharge period. The deviation from ASTM D495- 
42 arc resistance test method was made to adapt the pro- 
cedure to small-hole discharge conditions. The ASTM 
method, specifying 10-milliampere current, proved to be 
in excess of values which allowed distinguishing between 
the small-hole tracking characteristics of the various in- 
sulation materials. In this test, current was varied to below 
10 milliamperes rather than varying time of discharge. 
A control relay connected a 500-volt standard insulation 
resistance-measuring “megger’” to the dielectric material 
immediately after the high voltage had been cut off. Tung- 
sten electrodes are suggested for arc resistance tests in 
ASTM D495-42 specification, so the test jig in Fig. 3 was 
initially set up with tungsten electrodes of the same dimen- 
sions as before, 1/4-inch diameter with 1/32 radius on the 
Be- 
cause results with the tungsten electrodes did not correlate 
with the brass electrodes first used, the subject of electrode 
material effect was checked. 


material contacting ends and a 10-microinch polish. 


Electrodes of copper and 
iron were also used to more closely simulate actual break- 
down conditions in aircraft equipment. 

Referring to Table I, it will be noted that a 4-milliampere 
discharge through a 0.003-inch hole in teflon could be 
repeated for five-hundred 2'/:-second periods with tung- 
sten electrodes, while a similar discharge using iron and 
copper electrodes failed the insulation in four 2!/:-second 
discharges. Mylar and mica also showed a drastic reduc- 
tion in small-hole tracking resistance when copper and iron 
electrodes were used. Since the tracking resistance of 
mica is generally considered to be very high, it was sur- 
prising to find a 4-milliampere discharge failing the insula- 
Under the same condi- 
tions with tungsten electrodes, the mica holes were able 


to withstand two-hundred 2!/second discharge cycles. 


tion in ten 2!/s-second cycles. 


From the data obtained in this test the following conclu- 
(1) Electrode metals for small-hole 
tracking tests are critical and if the results are to correlate 


sions were reached: 


with operating experience, then the electrode materials 
must more nearly correspond to that in the equipment. 
(2) ‘*Tracking”’ 
much more readily than over the surface of insulations. 


failure through flaws in insulation occurs 


(3) Copper and iron electrode surfaces in a discharge 
through small holes in insulation will cause tracking resist- 
ant materials such as mica to fail rapidly. (4) Common 
circuit interruption switching transients contain enough 
energy to immediately fail insulation when discharging 
through small diameter holes. 


IMPORTANT BACKGROUND FACTORS 


THE EFFECT on aircraft-equipment reliability of this 
small-hole insulation breakdown and tracking phenomena 
is best appraised against a background review of: (1) the 
factors causing electrical insulation deterioration, and (2) 
circuit interruption transient voltage effects. 

The fact that an insulation, at some stage of its manufac- 
ture, has passed adequate inspection and test is not surety 
that even in storage the insulation will not have deteriorated 
to the point where the equipment is no longer airworthy 
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Some of the factors causing electrical insulation deteriora- 
tion are the following: 


Time-electrochemical reactions with air, etc. 
2. Evaporation of plasticizers from plastic insulation 
materials causing embrittlement, leading to subsequent 
vibration failure of the insulation. 

3. Moisture is more likely to damage nonoperative 
equipment, since the heat of operation tends to dry out 
operative electric equipment. 

4. Electrolytic deterioration—electrolytic corrosive ac- 
tion, to which metals are subject, tends also to promote the 
deterioration of electrical insulation in the vicinity where 
the corrosive actions occur, because of the metallic salts 
generated. Many insulating materials themselves, when 
subjected to potential differences in the presence of high 
humidity, rapidly deteriorate 

5. Heat—high 


temperature deteriorates electrical in- 


sulation. Heat greatly accelerates the changes mentioned 


under several other heads in this list. 


, 


6. Thermoplasticity and ‘‘cold-flow” effects caused by 


temperature and pressure often cause thinning or flowing 
of insulation to an extent, producing ultimate failure of an 


originally acceptable insulation thickness. ‘Thermoplastic 


and cold-flow effects are a function of time as well as tem- 
perature and may occur very slowly in operation. 
Inductive-circuit interruption voltage transients may 


reach values of more than 1,000 volts. These voltage 


surges, when present, are likely to puncture insulation if 
winding pressures, thermoplasticity, or cold-flow effects 


have reduced insulation thickness below critical values. 


commonly used insulation materials and cir- 


For many 


cuits, insulation thickness of less than 0.002 inch may be 


critical. Failure in 28-volt circuits is not immediate from 


such punctures, but ordinarily occurs as the result of re- 


peated interruption transient discharge through the initial 


puncture, causing “tracking” of the insulation around the 


edges of the hole. Proper high-potential test procedure 


will often discover these usage-developed faults before 


failure. 

8. Tracking, or the buildup of a conductive path across 
surface gaps because of carbonization of an insulator by 
repeated circuit interruption inductive surge discharges, 
is a major cause of insulation failures 


9. Corona discharges rapidly deteriorate some types 
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Schematic diagram of test setup for testing break- 
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Table I. Insulation Failure through 0.003-inch Diameter Holes, 


Showing Effect of Electrode Materials 





Number of Cycles before Insulation Failure 
Current in 
Breakdown, 
Milliamperes 


Tungsten, 
Tungsten 
Electrode 


Insulation 
Material 


Iron, Iron Elec 


trode 


Iron, Copper 
Electrode 


of commonly -d aircraft electrical insul 


ition. 


discharges occur at much lower 


shi ° 
mis Consideration an 


altitude, 


corol 


than at sea level, making 


factor in insulation deterioration. 


10. 
testing 


Circuit interruption voltage tr 
the insulation of not only the inductive 
LK! ] 


generating. the surge, but also the cable, terminals 


tors, resistors, Capacitors, etc., in the circuit from 
side of the inductance to the load side of the switch 


the circuit. 


Thus, noninductive items of equipment 


in inductive circuits may be affected. 
Substantial data? show transient voltages in excess 
3,000 volts for 28-volt circuits, interrupted with a snap- 
ction double-break air-gap switch. A detail investi 
tion of this problem has resulted in the following obser 


tions: 


1. A typical interruption cycle for an aircraft cir 


may be of 10-milliseconds duration. An arc is init 


During the period of 


formed as the contacts open. 
arc, the current falls at a relatively slow rate until a critic 

arc current value is reached, below which a gaseous dis- 
charge will not be maintained. At this point, an abrupt 
discontinuity in the current flowing in the circuit will 
occur as the discharge extinguishes. It is the 
discontinuity and accompanying rapid change 


current 
in flux 
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which produces interruption voltage transients of some 
the total is 10 
milliseconds, it is likely that this final voltage transient 


concern. If circuit interruption time 
producing current flow discontinuity will be a few micro- 
seconds. The resulting high-voltage microsecond transient 
may ionize the gas in the switch gap and restrike the arc, 
repeating the foregoing cycle. 

2. When the circuit interruption transient is computed 
from the familiar relation e=—N dq¢/dt 10~% volts or any 
other derivation of Faraday’s law, an improper conciusion 
may result. Computation on the basis of any total circuit 
interruption time of the order of milliseconds will produce 
1 misleading, low figure likely to be as small as 10 per cent 
of the probable actual circuit peak values. The possible 
peak transient values may be computed for the microsecond 
periods of abrupt current change in the circuit interruption 
current characteristic. When this is done an equally mis- 
leading high value of the order of 5,000 to 10,000 volts is ob- 
tained. Actual circuit interruption voltage transients are 
normally neither as low nor as high as computation would in- 
dicate for reasons suggested below. Furthermore, computa- 
ion of the emf of self-induction, rather than practical labora- 
ory investigation, has led to the false conclusion that 
switching voltage transients will vary as the system voltage. 
his spurious conclusion has been used to support the estab- 
ishment of various high-potential test voltages for compara- 
tively small differences in nominal system voltage, such as 
1 500-volt high-potential test for 28-volt systems. 

3. Actual circuit interruption voltage transient values 
ire determined by the minimum instantaneous voltage 
reakdown at the weakest point in the circuit from the 
inductive source of energy to the switch gap. Ina properly 
designed circuit, the breakdown voltage of the switch gap 
it an instant of circuit interruption discontinuity should 
be less than the breakdown voltage of any other voltage 


transient stressed part of the circuit. 


4. A 28-volt system voltage transient will not differ 
substantially from other higher voltage aircraft systems, 
since, in every case, the actual observed values are really 
determined by voltage breakdown of the switch gap or 
some other part of the circuit. As pointed out, the theo- 
retical values computed from the maximum rate of current 
change are likely to be above 5,000 volts, so that it is always 
the switch gap or other insulation breakdown that de- 
termines the actual circuit values measured. While the 
static voltage-breakdown values of switchgear for the various 
systems may be substantially different, the operating con- 
dition at or near deionization of the switch gaps is not 
likely to differ substantially. 

5. Measurement of the circuit interruption transient 
voltage requires the use of oscilloscopes, voltage dividers, 
and recording cameras, capable of calibrated response to 
higher than a megacycle. 

6. High frequency, as well as the high voltage of circuit 
interruption voltage transients, is a key factor in measure- 
ment control and understanding of these phenomena. 
With voltage changes of the order of 100 volts per micro- 
second, it is obvious that circuit capacitance, dielectric 
losses, and core losses are key factors. 
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Aluminum and fertilizer production in the city of Kao- 
hsiung, located on the strategic island of Formosa, is ex- 
pected to increase considerably as the result of the electric 
power which will be received from this 44,000-kw steam 
turbine-generator unit. 

Installed at the nearby Nan-Pu thermal station, the 
powermaker will supplement the hydroelectric facilities in 
the southern portion of the island. The new machine will 
aid in easing the annual power shortage during the dry 
seasons, when water in the artificial lakes above the hydro- 
electric units is extremely low. 

Purchased as a part of the over-all electric-power develop- 
ment plan for Formosa, the new unit will be a vital part of 
the rapidly expanding Taiwan Power Company. It is the 
highest rated power generating machine yet to be placed in 
service in Formosa. It was manufactured at General Elec- 
tric Company’s medium steam turbine, generator and gear 
department in Lynn, Mass. 
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Operation of Large Steam Turbine-Generators 


H. CARTER 


MEMBER AIEE 


ODERN STEAM TURBINE-GENERATORS are 

complex pieces of equipment designed to operate 
continuously for long periods of time without shutdown. 
To operate one of these large generators properly requires 
the close following of operating guides and procedures 
for the particular type of unit. This article presents some 
recommendations by design engineers on procedures to be 
followed in starting, operating, and maintaining large, 
conventionally cooled turbine-generators. 

Many special mechanical and electrical checks should be 
made during the installation period. Insulation resistance 
readings should be taken to determine whether it is neces- 
sary to dry the machine out before applying voltage. 
Although insulation resistance readings do not give com- 
plete information on the condition of the insulation, such 
measurements do give valuable information as to the surface 
condition of the winding, and aid in indicating whether the 
winding has become damaged. However, insulation 
resistance readings must be taken with great care since the 
readings vary with the winding temperature and the time 
of application of voltage; temperature corrections to put 
the Much 
valuable information can be gained by charting the history 


of the insulation. 


all readings on same base may be made. 


The output of a generator is limited by the maximum 
temperatures and thermal stresses which are allowable in 
the various parts of the machine. At loads which cause 
higher temperatures or thermal stresses than the design 
limits, there will be accelerated breakdown of insulation 
or other parts which can cause early failure of the machine. 
Unfortunately, it is not feasible to locate temperature de- 
tectors at the various critical spots to determine the exact 
temperatures under normal loading conditions; therefore, 
it is necessary to extrapolate from other temperature 
measurements and to use guides or curves to achieve 
proper operation. 

Resistance the 


windings to provide a means for measuring 


temperature detectors are installed in 
armature 
operating temperatures. The major portion of the heat 
generated in the armature conductors is dissipated through 


the the 


escaping into the ventilation ducts, wedges, and end turns. 


insulation into the armature iron, remainder 
The flow of heat through the insulation creates a tempera- 
ture drop from the copper conductors to the resistance 
temperature detectors which are located outside of the 
insulation. This temperature difference varies with the 
configuration of the slot and conductor, the thickness of 
insulation (or voltage class), and the current flow. 

The generator reactive capability curve, which plots 
kilowatts versus kilovars for various hydrogen pressures and 
for power factors from zero lagging to zero leading, is 
designed to limit temperatures and thermal stresses in all 


parts of the machine to safe design limits when the cold-gas 
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temperature is maintained within normal limitations 


Therefore, normal loading should be based on the ca- 


pability curve, with the temperature detectors used as 
indicators or alarms. 

Generators are normally designed for cooling water 
temperatures higher than the usual water supply tempera- 
ture. However, when the water supply temperature is 
higher than the design temperature, the load must be de- 
creased, or the hydrogen pressure increased, in order not to 
exceed the designed operating temperature limitations. 
A simple formula to accomplish this is that for each Fahren 
heit-degree increase in water temperature above normal, 
the load should be decreased one per cent or the hydrogen 
pressure should be increased 1 pound per square inch gauge 
(psig) above that required by the capability curve between 
The 


cold-gas temperature should not exceed approximately 46 


0.5 and 15 psig (2 psig between 15 and 30 psig). 
degrees centigrade. 

In order to protect the generator rotor against excessive 
heating in the event of loss of field excitation, it is becoming 
install loss-of-field relays to 


more common practice to 


either sound an alarm or trip the machine. Other relays 
are usually installed to detect grounds in the field excitation 
and 


circuit, grounds in the generator armature circuit, 


differential phase currents. Harmonic voltages and cur- 
rents are present to a greater or lesser degree in all turbine 
generators, and it is helpful to know about the presence and 
effects of these harmonics in operating the machine 

A well-planned maintenance program, strictly adhered 
to, can greatly increase the reliability of the unit, lessen the 
shutdowns, and 
The 


should not only consist of cleaning and replacing parts, 


number of unscheduled help 


pI event 


outages of long duration. maintenance program 
but should include as an essential part of the program the 
setting up and maintaining of test records and inspection 
scheduled 


work 


records. A review of these records before a 
shutdown may be very valuable in determining the 
to be done. 

Those parts of the generator which require frequent 


Collec- 


and exciter com- 


checking or adjusting are made readily accessible. 
tor and exciter brushes, collector rings, 
mutators should be checked frequently. Dirty filters in the 
collector or excicter ventilation circuits are almost certain to 
cause trouble due to restricting the ventilating air and 
allowing the passing of abrasive dust. Neglecting brush 
maintenance is a frequent cause of troubles 

Under proper operating conditions a complete inspection 
of the generator is required at infrequent intervals only 
g Machinery 
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A New Technology 


of Insulating Oils of Petroleum Origin 


F.C. DOBLE 


FELLOW 


New theories concerning the structure of oil 

and the behavior of some of its basic constituents 

are explained in simplified terms. Their appli- 

cation to the requirements of the insulating oil 
problem is discussed. 


NEW TECHNOLOGY of insulating oils of petroleum 
A origin has evolved from theories based on a long-time 
study of oils under power-system operating service 
conditions. This study has already resulted in the concept, 
recently published,'? that insulating oils when properly 
serviced and treated with additives can be given practically 
unlimited extension of useful life, free from sludge or exces- 
sive acidity caused by oxidation. An extension of the study 
to refining processes has now led to new practical theories 
concerning the structure of oil and the behavior of some of 
its basic constituents. Accelerated tests that are a measure 
of the quality of an oil in terms of useful operating life char- 
acteristics are an indispensable tool in the new technology. 
This article outlines these theories and their application 
to the requirements of the insulating-oil problem. It indi- 
cates possible improvements in current refining practice 
and provides a means for evaluating new refining methods 
for producing oils adequate for present-day applications. 
It furnishes a groundwork for the study of special new 
types of insulating oils designed to meet added requirements 
that are being imposed by advanced designs of electrical 


equipment. 


BASIC CONSIDERATIONS 


[HE REQUIREMENTS for new oils in new apparatus have 


been slowly changing and there has been a growing trend 


which | 


involves three basic changes in oil philosophy, 


namely: 

1 Greater importance is being placed on the life period 
of oils containing only natural inhibitors in apparatus in 
service before the first significant appearance of deteriorated 
oil products, as opposed to the older philosophy of empha- 
sizing the rate of growth of deterioration products in oil 
ifter they have appeared. 


> 


Present-day oils may not be the optimum, either 


economically or technically, which can be obtained with 
present crudes and refinery facilities when evaluated under 
the philosophy expressed in basic change 1. 

Full text of conference paper CP56-141 presented at the AIEE Winter General Meeting, 
New York, N. Y., January 30-February 3, 1956, and recommended for publications by 
the AIEE Committee on Dielectrics 
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3. Growing trend toward using less oil in power appa- 
ratus, higher over-all thermal conditions, and possibly 
higher maximum stresses in future designs may easily re- 
quire more fundamental knowledge and possibly new types 
of oil. Today and in the future more than ever the oil is 
an integral part of the dielectric rather than just a cooling 
medium. 


Although the subject matter of this article applies to 
insulating oils of petroleum origin in general, for the pur- 
pose of explanation, one particular type of insulating oil 
known as transformer oil will be considered. 


HISTORY 


IN GENERAL, transformer oil is refined from a narrow cut 
or fraction taken overhead from the distillation of a care- 
fully selected crude. Such a cut from the crude, normally 
referred to as raw distillate, is considered to have three 
main constituents with which this discussion is mainly con- 


cerned, namely: 


1. Saturated hydrocarbons—nonaromatic; the base oil 


predominantly naphthenic 
2. Unsaturated hydrocarbons—predominantly aromatics, 
including natural inhibitors and stabilizers 


3. Corrosives—including contaminants 


Corrosives and contaminants that are present in varying 
amounts in different distillates must be removed as com- 
pletely as possible in the refining process. 

Since the early 1920’s, good transformer oils have a pri- 
mary-base portion, composed of saturated hydrocarbons of a 
predominantly naphthenic character, as compared to the 
predominantly paraffinic base of insulating oils before that 


date. The base portion is highly unstable by itself and 


‘becomes stable and unaffected by oxidation deterioration 


only when aromatics are present as a protection. It is 
known that in the absence of such aromatic protection the 
base becomes very unstable, and under oxidation it forms 
deterioration products of a more corrosive nature than 
those formed by similar deterioration of the oil when aro- 
matics are present. 

It is well recognized that some aromatic constituents in 
an oil have important effects on its useful life behavior. It 
is probable that every acceptable oil contains both good 
and bad aromatics in terms of its operating characteristics 
as an electrical insulating and cooling medium. 

However, although it is agreed that valuable aromatics 
are unsaturates, nevertheless the art considers unsaturates in 
general to be undesirable. It has been the practice in the 
refining process to arbitrarily reduce the over-all quantity 
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of the unsaturates in an insulating oil, with perhaps insuffi- 
cient regard to the fact that desirable constituents may be 
destroyed. 

A complication in the study of aromatics, as found in an 
oil, is the fact that so far it is not possible readily to separate 
or isolate the good from the bad aromatics, partly because 
they are closely allied chemically and may have practically 
the same boiling range. 


OIL STRUCTURE AND BEHAVIOR 


SO AS TO BETTER DISCUSS NEW THEORIES applicable to this 
problem, it is desirable to have a terminology that can be 
understood by the operating engineer, as well as by the 
research chemist. Inasmuch as the physics and chemistry 
of oil are extremely complex, an attempt has been made to 
furnish a set of simple terms and diagrams to act as a vehicle 
for purposes of study and analysis. This has had general 
acceptance, and already its use has contributed to a better 
understanding of some of the basic principles involved in oil 
technology. 

Letter symbols are assigned to various types of oil con- 
stituents having differing qualities as shown in Fig. 1 and 
Table I. 
matics which are believed to act favorably as natural 
inhibitors or stabilizers are referred to as A’s and B’s, 
whereas the corrosives or 


Referring to Table I, it can be seen that the aro- 


other undesirable constituents 
which can and must be removed from the oil are designated 
as X’s, Y’s, and Z's. 

In addition to these elements, there are known to be 
present certain constituents which have undesirable reac- 
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tions on the A’s and B’s but having similar boiling ranges 
and, perhaps, being chemically allied to the A’s and B’s, 
their separation and removal so far has not been possible. 
This type of undesirable element which acts as a catalyst 


or negative inhibitor is called N. 


It is possible that the total A—~B-N content is a compara- 
he 


th 
remainder of the aromatics, perhaps up to a considerable 


tively small part of the total aromatic content and 
percentage of the total aromatics, may be relatively inactive 
as far as A—B action is concerned. This group of relatively 
inactive aromatic unsaturates is called J. It is possible that 
this division of the aromatics previously has not been well 
understood. : 

B-N and 


stituents are’ of extreme importance in the 


X-Y-Z con- 
selection of 
Already 


the choice of crudes is affected by the pour point and other 


The relative amounts of the A 
crudes suitable for refining into transformer oil. 
*s to less than 


considerations which limit the available crud« 


3 per cent of the total. A further limitation for the crudes 


proper for transformer oil may come from a bet 
edge of the ratio of X-Y—Z’s and the A’s and B’s. 

Where the ratio of the X-Y—Z’s to the A’s and B’s is t 

] 


high, most of the natural protective unsaturates may be lost 


ter knowl- 


in the required removal of X-Y—Z’s during refining, leaving 


the base element P unprotected. Similarly, where the 
A-B vs N ratio is unfavorable, the protective effects of the 
A-B constituents may be cancelled by the action of the 
elements, so that the over-all quantity of unsaturates will 
However, in crudes 


B constit 


have to be reduced to a lower level. 


where there is a preponderance of A 1ients over 
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of transformer-oil distillate. transformer-oil distillate 


(right). 


Fig. 1 (left). Constituents Fig. 2 (center), Optimum refining of Fig. 3 


Overrefining of transformer-oil distillate. 
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Table I. Symbols for Constituents of Transformer Oil Distillate 





Symbol Quality Nature Characteristics 





Good Unsaturated natural inhibi-.. 
tor aromatic 
natural 


lizer—aromatic 


Resistance to oxidation 

Good Resistance to liberation of 
gases 

A large percentage of total 

tive aromatic aromatics 

Bad Unsaturated catalyst Linked inseparably to A and 
tive inhibitor B 

Saturated base constituent of 


nsaturated stabi- 


Innocuous nsaturated relatively inac- 


nega- 

Good Stable only when protected 

oil predominantly by A and B 
thenic nonaromatic 

Bad orrosive nature 

Bad Jorrosive oxidation inhibit 

Bad ( 


naph- 


Must be removed by refining 
Must be removed by refining 


ontaminant.. Must be removed by refining 


NOTE The table refers to certain oil constituents by classification 
recognized, however, that a very 





It should be 
practical consideration is concerned with the over-all 
solvency powers of an oil in contact with a variety of solid insulations. These solvency 
powers, which may be imparted to an oil predominantly by the unsaturated constituents 
in the table shown as A B’s, I’s, and 


f an oil, 


V’s, must be carefully considered in the final 


analysis of the acceptability 


N’s, the over-all quantity of unsaturates should be kept at 


the highest level possible consistent with compatibility. 


OPTIMUM REFINING 


THE DESIRED PRODUCT in the refining of an oil is one that 
has been completely freed from corrosives and contami- 
nants, has the longest possible useful life as an insulant and 
a coolant, and is compatible with the solid insulating mate- 
rials with which it is in contact. 

For purposes of illustration, examples of refining by a 
typical sulphuric-acid method will be shown. The method 
includes neutralizing, water washing, finishing with fuller’s 
earth, etc., as well as the direct application of sulphuric 
acid. 

Fig. 2 illustrates that when an oil is refined by sulphuric- 
acid treatment to remove the X—Y—Z’s, some small amount 
of the base portion is removed and also a considerable 
amount of A’s, B’s, N’s, and I's, which may be considered 
1s mixed more or less evenly throughout the oil. 

It is desirable to remove no more than an optimum 
umount of the aromatics 


X Y Z’s completely. 


high an 


A and B while still removing the 
In other words, it is best to retain as 
A-B content as is reasonably possible,. consistent 
with transformer-insulation compatibility, etc. In this 
discussion, reference is made only to the aromatics that 
nature put into the raw distillate and not to any contem- 
plated addition over this amount. In a good raw distillate, 
there will not be an excess or overdose of good aromatics, 
even if practically all of the A’s and B’s originally supplied 
by nature in the raw distillate are left by the refining process 
in the finished oil 

There is good reason to think that the total 
matic content is small. 


A and B aro- 
For example, it is found that the 
addition of 0.1 per cent of the synthetic inhibitor additive 
DBPC to an oil will add an oxidation-resistant life to the oil 
greater than the corresponding life supplied by the natural 
inhibitor. As regards the B content, the capacitor experts 
who have been experimenting with a synthetic B or hydro- 
gen acceptor show that less than 0.5 per cent of their syn- 
thetic B is entirely adequate to fortify a completely over- 
refined white oil with all the B action that is needed.’ 
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In Fig. 2 is shown the amount of destruction of A’s and 
B’s that might accrue from an optimum sulphuric-acid- 
refining treatment. 


OVERREFINING 


IT IS BELIEVED that Fig. 3, which shows still greater loss 
of A’s and B’s, illustrates what actually may be taking place 
in some of the commercial sulphuric-acid-refining treat- 
ments because some sludge-test specifications apparently 
have forced the refiner to do extra refining. This reduces 
the A’s and B’s below the optimum amount assumed in 
Fig. 2. 

It is an opinion that care should be taken so that the 
refiner can avoid the unnecessary removal of A’s and B’s, 
which takes place when an oil is refined beyond a minimum 
point that has been determined to be absolutely necessary 
to rid the oil of X—-Y—Z’s and also to be compatible with 
solid insulation from a solvency standpoint. Although this 
premise holds true for any type of transformer-oil refining, 
it is particularly pertinent to sulphuric-acid refining, which 
up to now has been used for practically all of the accepted 
transformer oils. 


OTHER REFINING CONSIDERATIONS 

THE REMOVAL of good aromatics in the refining process 
occurs because the sulphuric acid is nonselective in its 
action and indiscriminately removes or destroys some de- 
sirable oil constituents along with the unwanted corrosives 
and contaminants. In the process of removing both good 
and bad constituents of the oil, the refining treatment forms 
sulphuric-acid sludge, which is unfit for any practical use 
and is an extremely bad disposal problem for the refiner. 

This wasteful and expensive aspect of the sulphuric-acid 
forcing 
of the 


treatment is the refiner to consider complete 


abandonment sulphuric-acid process, particularly 
since other petroleum products which were formerly re- 
fined by sulphuric acid are now refined by more effective 
methods. 


In fact, some refiners are already manufacturing trans- 
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Fig. 4. Accelerated life test on new oil. 
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Table II. Comparison Accelerated Life Tests on Different New 


Transformer Oils 





Hours of Sludge-Free 
Life by Accelerated 
Oxidation Test 


Currently Available 
New Oils 


197 
180 
119 
150 

61 


former oil by other refining processes which, so far, have 
not produced acceptable products. 


NEED FOR NEW TESTS 

THIS SITUATION poses the problem of analyzing new un- 
known types of oil by laboratory test methods, inasmuch as 
there is not sufficient time to get the operating experience 
which has been one of the principal criteria for judging the 
quality of a transformer oil in the past. There are American 
Society of Testing Materials (ASTM) standard tests that are 
intended to show when the X-Y—Z’s have been sufficiently 
TM standard tests 
that are adequate to indicate the optimum refinement of an 


removed from the oil. There are no / 
oil in terms of A—B vs N reactions. 

As previously noted, it appears that the art has a tendency 
to regard the finished oil as having only two main types of 
and to take the 
stand that the percentage of unsaturates should be kept to a 


constituents—saturates and unsaturates 
low value. 

It is felt that this attitude is not necessarily sound and 
may result in overrefining to reduce the amount of total 
unsaturates, including the good as well as the bad aro- 
matics, in order to meet an arbitrary standard. 

Two of the principal tests that currently are in use in this 
connection are the test for unsaturates and the sludge- 
accumulation test, both of which are dependent on total 
aromaticity rather than on the net effect of good and bad 


aromatics. 


ACCELERATED OXIDATION TESTS 


TO MEET THIS PROBLEM, an accelerated oxidation test 
was developed in the laboratory,! which evaluates the A vs 
N interactions even though it does not actually separate and 
measure the various constituents of the oil quantitatively. 
In some ways, its function is similar to that of a wattmeter 
in electrical measurements. 

In a-c measurements, the determination of total current 
and voltage, may be inadequate to show average power be- 
cause of a phase-angle difference between the quantities. 
The wattmeter is a phase-sensitive device, which evaluates 
the net effect of the magnitude of current and voltage and 
their phase relationship, resulting in the true power in 
watts. 

Similarly, the over-all measurement of unsaturates or 
The 
oxidizer test does evaluate the net effect of the A vs N inter- 
action, resulting in a measure of the sludge-free life of an oil. 


aromatics does not indicate the useful life of an oil. 


Fig. 4 depicts the life characteristics of a new oil with no 
additive in terms of interfacial tension (IFT) and acidity 
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during such an accelerated oxidation deterioration or life 
test conducted at 95 C. 

Initially the oil has an IFT of 45-plus dynes and practi- 
cally zero acidity. As the oil is subjected to contact witl 
oxygen, either directly or as part of normal air, the IF] 
falls rapidly at first and then more gradually until sludge 
begins to form, usually at some point below 16 dynes 
Meantime, the acidity values have an opposite trend. hl 
general, practically no change is noted during the time wher 
the IFT is descending rapidly and then there is only 
gradual rise in the acidity as the IFT curve flattens out 
near the sludge point. The criteria for the test are the 
number of hours which elapse before the first appearance of 
sludge or a given acidity. 

When this oxidation test is applied to different types of 
new oils with no additives currently available on the market, 
a considerable difference is noted in the indicated useful 
sludge-free life of the oils, as shown in Table II. 

Operating experience has indicated that these variations 
in the sludge-free life, as shown by the test, are significant 
and a reliable index of important differences in the quality 
of the oils. In Table II, the first four oils having high values 
are accepted high-grade oils. 

Table III shows a comparison of the results of this test 
with sludge accumulation and per-cent unsaturate tests on 
Oil 1 of Table I and the same oil additionally refined. 

It will be noted from Table II that Oil 1 has the longest 
of the good new oils 


laboratory sludge-free life of any 


tested. Years of operating experience have proved this oil 
to be one of the best on the market. The refiner was forced 
to overrefine this oil to meet a lower per cent of unsaturate 
value, which the purchaser considered indicative of a better 
The refiner agreed that the overrefined oil was better 
The 


known good-operating experience with Oil 1 has proved it 


oil. 
because it had a lower sludge accumulation test value. 


to be of excellent quality. The lower value of the oxidizer 
test for the overrefined oil shows that its operating life had 
been reduced and indicated that, in this case, the reduction 
in per cent of unsaturates and the reduced sludge-accumula- 
tion test were not indications of a better oil. 


FUTURE REQUIREMENTS 
IN THE DESIGN of transformers up to the present time, the 
resistance of an oil to oxidation has been more important 
The early types of 
the 


than the resistance to gas formation. 


transformers were free breathing, which represents 


most severe oxidation condition. Although this situation 


has been improved by sealing of transformers, this may not 


Table III. Comparison of Test Results on an Oil Normally 


Refined and Overrefined 





Hours of 
Sludge-Free 
Life by 
Accelerated 
Oxidation 
Test 


Sludge Accumulation 
Per-Cent — - 


Unsaturates %3Days 7 Days 14 Days 


1 1 1 9 077 0.161 0.250 
1 (Additional refinement 0.182 
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completely solve the problem and resistance to oxidation 
will continue to be important in the design of an oil. 

In the future transformer, the resistance to formation of 
gases will be increasingly important because requirements 
may approach those of cables and capacitors where electric 


stresses on the oil are such as to promote gas formation. 


The development of oxidation inhibitors’? has made it 


possible to control the oxidation characteristics of an oil. 


Unfortunately, this type of additive that apparently supple- 
A (oxidation resistance) does 


ments the natural inhibitor 


not similarly supplement the natural inhibitor B (resistance 


to gassing tendencies). For this reason, when an oil has 


been overrefined or deteriorated in service, the addition of 
an oxidation inhibitor restores the oxidation resistance but 
} Y 


does not restore resistance to gassing. 


Inasmuch as both oxidation resistance and gassing resist- 
» may be required in the oils of the future, it is believed 

1at the refining of an oil should be so regulated that a 
maximum amount of A’s and B’s are left in the oil so that 
the addition of an oxidation inhibitor will supplement the 
oxidation resistance and hold the existing gassing resistance. 
Unfortunately, there is a tendency, perhaps through mis- 


understanding, to doctor a badly overrefined oil or one 
deficient in natural inhibitors by the simple addition of an 


oxidation inhibitor. This is an incomplete and insufficient 
cure resulting in an unsatisfactory oil, which is difficult to 
inalyze by the oxidation test. For this reason, basic studies 
of new oils must be made on the oil without additives. 
Another vital requirement for new types of oils arises 


ce the sulphuric-acid refin- 


from the growing nd to repl 
tc 


uly all our present oils are 


oils have been designed 


Mi! = 
yy which prac 


around years of 


These 
yperating experience and their evaluation by test depends 
mewi 


on continuity of this background of experience. 


ittedly the present list of accepted tests is inadequate 


New 


to form the basis for a specification that will 


insure an oil having all the desired characteristics. 


tests are needed 
ruarante¢ » qualities desired, particularly in a new oil. 
lhe need for such new tests is further emphasized by the 
ds being made on the oil by the use in modern 
il, higher thermal loading, and increased 
These considerations place new responsi- 
engineers and chemists of the electric 
nufacturer and power group to write a specifi- 

cation for oil that will enable the oil refiner to meet the new 


requireme! 


rESTS 


1 


tired may well include such tests as: 


al U? 


cal dispersion. 


aturates in an Oil. 
- opti 
1 absorption. 

Aniline point. 


Mea Natural Inhibitor, A 


, Resistance to Oxida- 


Accelerated oxidation test at ‘ 
2. Rotary bomb. 
0 Measure Synthetic Inhibitor Response or Susceptibility 


apparatus as under 2). 
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4. To Measure Natural Inhibitor, B—Hydrogen Acceptance. 
Tests of the Pirelli type to evaluate gassing tend- 
encies or hydrogen acceptance. 
5. To Measure Compatibility of Oil and Transformer Mate- 
rials. 
Peroxide number on oil. 
Mechanical strength of solid insulation exposed 
to oil. 
Solubility tests for interaction of oil with trans- 
former materials. 
Impulse Strength. 
1. Oil alone. 


2. Oil in combination with solid insulation. 


In addition to the foregoing tests, attention should be 
given to detailed refining methods and techniques and, if the 
oil is to meet the requirements of the power art for a uni- 
versal oil, to its arc-quenching and carbon-formation char- 
acteristics. 


SUMMARY 
CHANGING REQUIREMENTS for new oils imposed by progress 
in apparatus design are bringing about three main changes 
in oil philosophy: 


1. More importance is being placed on the life period 
of an oil before sludging occurs. 

2. Studies of this period show that better oils may be 
obtained with present crudes by changes in present refining 
processes. 

3. Increasing demands on oil as a dielectric and coolant 
will require more fundamental knowledge and new types 


of oil. 


New theories of oil structure and behavior, based on 
studies of oils under operating service conditions, are ex- 
plained in simplified terms and their application in de- 
veloping a new oil technology is outlined. Fallacies in 
present practice are described in the light of the new 
theories, and the parts played by the various oil constituents 
in determining oil behavior are clarified. The importance 
of a proper understanding of the functions of these con- 
stituents and the need for new standard tests to investigate 
them and for control of refining processes is emphasized. 

The use of accelerated life tests in the study of this situa- 
tion is described. The problem posed by the trend towards 
abandonment of the sulphuric-acid refining process by 
which most accepted oils have been produced is discussed, 
and the application of accelerated life tests to this problem 
of evaluating new oils of unknown background with no 
previous history of operating experience is explored. 
Other tests of possible value in such an investigation are 
listed, and the need for proper specifications to guide the oil 


refiner is explained. 


CONCLUSIONS 


SERIOUS PROBLEMS in connection with insulating oils of 
petroleum origin have been developing for some years. 
Investigation of these problems has resulted in a new con- 
cept and new theories which contribute to a better under- 
standing of oil structure and behavior. Operating experi- 
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ence has proved the new concept to be sound. Analysis of 
service data correlated with laboratory tests has substanti- 
ated the new theories. These theories have a general ac- 
ceptance by authorities representing the electric-power 
group, equipment manufacturer, and the oil refiner. A 
new test approach to some of the vital problems furnishes 
valuable data for an analysis of chemical and physical 
phenomena that has not been possible by accepted standard 
tests currently in use. It appears that these new develop- 
ments in oil technology make possible a new era in the 
design, manufacture, and operation of insulating oil. 
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COMMENTS 


F. M. Clark (General Electric Company, Schenectady, 
N. Y.): I have read Mr. Doble’s paper with great interest 
because of the work which my associates and I have done 
in this field in the past.!. I am particularly delighted that 
Mr. Doble’s present researches and concepts agree so well 
with our earlier conclusions. 

For example, Mr. Raab and I say that: (1) A common 
danger is overrefining, since the initial properties of an oil 
improve by exhaustive treatment, whereas the dielectric 
stability reaches a maximum with oil-refining treatment, 
beyond which further oil refining produces increased in- 
stability. (2) The object of the refining treatment is to 
eliminate as completely as possible the olefin type of un- 
saturation without severe reduction in the aromatic type of 
unsaturation. For one type of distillate oil, this preferred 
aromatic hydrocarbon content was found to be 22 to 23 
per cent, corresponding to a specific optical dispersion 
value of 115 to 117. 

There are numerous points of similarity in the conclu- 
sions of these papers by Mr. Doble and by Mr. Raab and 
myself. I conceive that the obnoxious olefin unsaturated 
hydrocarbons and the obnoxiously excessive amount of 
aromatic unsaturated hydrocarbons of our paper find their 
counterparts in Mr. Doble’s classifications. 

I want to congratulate Mr. Doble on the emphasis which 
he places on the problem of petroleum technology. In- 
dustrial requirements and industrial concepts of oil quality 
are continuously changing. Because these changes may 
and generally do greatly affect the selection and refining 
insulating oil, Mr. Doble’s engineering 
analysis of an important, but difficult material problem, 


treatment of the 


cannot help but be of assistance to the petroleum technol- 
ogist working in this field. 


E. L. Rabb (General Electric Company, Pittsfield, Mass.) : 
Mr. Doble is to be congratulated for calling attention to 
certain trends in the refining and usage of transformer oil 
which, we believe, call for a critical re-evaluation of our 
present and future needs both in terms of quality and quan- 
tity. As of now, the better transformer oils available are 
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considered to be entirely adequate, qualitywise, for today’s 
needs when properly handled and maintained. This will 
probably also be true for the immediate future. This does 
not mean, however, that we might not be able to use a 
better quality oil advantageously now, and possibly a 
better quality oil may be highly desirable in the future. 
It is certainly of interest to note that at least three separate 
trends are simultaneously involved, each of which could 
affect the quality and quantity, or both, of available trans- 
former oil. The increasing utility emphasis on the first 
practical appearance of deterioration products, rather than 
basis, immediately raises 


ee 


the older “‘rate-of-deterioration”’ 
the question as to whether today’s oil is refined to the 
optimum degree to fit these new criteria. Certainly the 
desire of refiners to get away from acid refining for a 
variety of reasons not only raises questions of quality, but 
also of available quantity. The third trend is the designer’s 
desire to utilize oil to a greater degree as a dielectric medium 
by subjecting it to greater electrical stress and higher over- 
all temperature conditions. Thus, we have the utilities, 
the refiners, and the transformer designer indicating certain 
evolutionary changes in the field of transformer oil. 

As Mr. Doble points out in his paper, the terminology 
has been purposely oversimplified in order that all three 
areas affected can have a common meeting ground. The 
working hypothesis proposed offers an approach to this 
problem which, if successful, could satisfy the needs and 
desires of the ultimate user, the refiner, and the transformer 


designer. 


C. A. Duke (Tennessee Valley Authority, Chattanooga, 
Tenn.): The author has presented a very good summation 
of a complex subject. We, as users of oil, are particularly 
interested in obtaining a product that has not had valuable 
properties removed by overrefining, which possibility is 
pointed out in the paper. We are in accord with the 
general points in the paper, and over the years have pat- 
terned our tests and specifications along the same line of 


reasoning as that of the author. 
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European Power Line 


Electricité de France (EDF)’s new power line to connect 
Paris, France, with the production centers in the Alps will 
almost double the present tension to 420,000 volts. Circuit 
breakers for the new line will contain a small quantity of oil, 
and will have a capacity of 12 million kv. They will be 
built by the Ateliers de Constructions Electriques de Delle 
(Compagnie Général d’Electricité), which has done similar 
work for the world’s first 400,000-volt power line in Sweden 

Another branch of the Compagnie Générale d’Electri- 
cité, the Savoisienne (Ateliers de Construction de Trans- 
formateurs) has received an order for 4 single-phased auto- 
transformers, with each unit weighing over 150 tons. 
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The Unfinished Business of 
Engineering Ethics 


PL. ALGER 


FELLOW AIEE 


In view of the engineer’s expanding role in our 
modern world, he must be prepared to accept 
the added professional responsibilities. Thus, 
it is the consensus of opinion that several supple- 
ments be made to the Canons of Ethics of the 
Engireers Council for Professional Development. 


HE ENGINEER’S WORK is continually expanding. 
"Liver step forward in automation, regional planning, 

or industrial organization widens the circle of those 
with whom the engineer must work in harmony and, also, 
the circle of those affected by his work. To fill this ex- 
panding role, the engineer must have greater understand- 
ing, more sympathy, and higher skill in dealing with 
people, as well as greater technical knowledge. 

As the scope of his work expands, the engineer must 
weigh more carefully the values that are concerned in his 
decisions—comparing the benefit with the cost, and con- 
sidering both how the benefits should be distributed and 
how the costs should be assessed. 

In order for the engineer to do all this in a manner that 
will be a credit to the dignity and honor of his profession, 


he must maintain high ethical standards. The Engineers 


Council for Professional Development (ECPD) Canons of 


Ethics, as well as the separate ethical codes of the engineer- 
ing societies provide rules of conduct, but these are not as 
can 
ECPD 


societies undertake a modernization of their separate codes, 


specihe O! complete as be desired. It is proposed, 


therefore, that the and associated engineering 


together with the preparation of several supplements to the 


Canons, that will more fully cover the widening scope of 


the engineer’s work. 


IMPORTANCE OF ETHICS TO ENGINEERS 


kinds of 
one prescribes the relations within the family or clan, and 
rhe 


kind of ethics has always been more unselfish than the 


HisToRICGALLY, there have been two ethics: 


the other deals with relations with outsiders. first 


second. With the growing complexity and lengthening 


time scales of production and distribution processes, as 


caused by the ever greater division of labor, the size of 


the group to which the more unselfish kind of ethics applies 


has steadily increased. Everyone now agrees that the 


‘public’ good must be given high weight in deciding what 


is right to do in any given case. Just who are included 
under the term “‘public”’ is still debated, but more people 
are being counted in all the time. 

Che larger the clan membership, the more unselfish 
the code of ethics must become for the individual. Thus, 
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the breadth of application and the character of ethical 
codes are not fixed, but must change with the times. 

In earlier times, a man who abstained from sin was called 
a “good”? man. An ordinary person, not an engineer or 


scientist, may be held to deserve moral admiration 
even if he has never performed a single generous act. 
This is in keeping with the negative spirit of most moral 
codes and the civil law, that are designed merely to prevent 
wrongdoing. Engineers and members of the other pro- 
fessions are expected to go beyond this objective by living 
up to a positive code of ethics. In gaining an education, 
a lifetime debt to society is incurred, since the costs of a 
professional education are far greater than the tuition 
payments. The first duty of an educated man is to repay 
this debt through unselfish service to the community and by 
contributing to the education of his juniors. 


“Right” as opposed to “‘wrong”’ 


is a concept connected 
with power, and has to do with the acts of those who are 
not constrained to obey others. Kings should “‘do right in 
the sight of the Lord.” Some of this kind of positive duty 
is inherent in every kind of office or profession and, indeed, 
in every position that confers either power or freedom of 
action. Soldiers must fight, firemen and coast guards must 
risk their lives to save others, doctors must risk infection, 
and parents must provide for their children. Every mem- 
ber of the clan is in debt for the amenities of living that are 
provided by society as a whole, and each has a correspond- 
ing duty to perform community services in return, which is 
over and above the mere payment of taxes. 

Each right or each freedom, that has been won in the 
centuries of human progress, has brought with it a corre- 
sponding duty. In modern terms, every manager has, or 


should have, a responsibility matching his authority. 
Thus, each profession has come to have its own ethical 
code, which is more precise in some respects than the 
ordinary moral code and much more positive. Doctors 
are bound by the Hippocratic oath, soldiers by military 
rules, the clergy by Canon law, and the gentleman by his 


code of honor. 


ENGINEERING PROFESSION 


THE ENGINEERING PROFESSION has a unique role in the 
modern world, because the engineer is the central figure in 
the complex procedures of mining, transporting, manu- 
facturing, and building on which civilization rests. At 
Full text of a conference paper presented at the AIEE Winter General Meeting, New 
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present, the engineer is called upon to share in planning, 
managing, and promoting projects of every sort that 
depend on technical skill for their accomplishment—and 
what large-scale project nowadays does not call for technical 
skill? 
nomics, history, and the forces that sway the minds of men, 


The engineer requires a broad knowledge of eco- 


if he is to fulfill his expanding role—and, equally, he must 


behave more and more unselfishly in accordance with his 
expanding role. As a logical sequence, the subject of 
ethics is an unfinished business. 

The techniques of science are the only elements of 
that 


religion, law, ideals, education, and customs of every sort, 


modern culture remain truly international. In 
the Iron and Bamboo Curtains divide the world into two 
opposing camps. However, the scientist or engineer who 
passes from one side to the other finds the laboratories, 
tools, and methods all familiar. So long as they confine 
themselves to scientific techniques, men from the two 
sides may converse without disagreement. Science, itself, 
is amoral—but those who use science may be either ethical 
or unethical, and any ideas exchanged usually convey 
ethical concepts by contagion, if not directly. Slender as 


it is, this remaining bridge of common understanding 
may have an important influence on the thinking on both 
sides of the curtain. 

Thus, more and more trust is being placed in engineers by 
their employers, their associates, and the public. Every 
engineer should be prepared to accept the corresponding 
responsibilities, and to fulfill them in a manner that will do 


credit to the dignity and the honor of his profession. 


CANONS OF ETHICS FOR ENGINEERS 

THE DEVELOPMENT of ethical codes for engineers has 
been going on for a great many years. About 8 years ago, 
the ECPD formally adopted the 28 Canons of Ethics that 
appear in the AIEE Year Book, and these have now been 
accepted by 82 different engineering organizations. At 
the meeting of the ECPD in Toronto, Ont., Canada, 
October 1955, the Canons were reviewed, and the whole 
area of professional ethics was discussed at great length. 
The consensus was that the task of creating an adequate 
code of engineering ethics is far from completed. 

The 28 Canons are sound and clearly stated. They 
provide basic rules for the professional life of the engineer, 
as well as for his relations with the public, employers, and 
other engineers, which every engineer should know and 
live up to. No one at the Toronto meeting questioned 
the soundness of these basic rules or proposed to alter them. 
However, it was recognized that in some areas the Canons 
are not sufficiently complete or specific enough to meet 
present-day conditions. 

Each of the major engineering societies has its own code 
of ethics, which supplements the Canons of the ECPD. 
A review of these supplementary codes reveals striking 
differences and also wide areas not adequately covered. 
This is natural, as the human relationships that are most 
important and sensitive are different in each branch of 
engineering. As their work expands, engineers will often 
find the codes of other branches very helpful in meeting 
many new responsibilities. 
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It has been proposed, therefore, that the different engi- 
neering codes be collected or summarized in a pamphlet 
and, thus, made widely available, perhaps by the National 
On the 
these factors, also, it was the consensus of the ECPD Meet- 


Society of Professional Engineers. basis of all 
ing at Toronto that several supplements to the ECPD 
Canons should be developed. 


PROPOSED SUPPLEMENTS TO THE CANONS 


IT WAS PROPOSED that, after suitable consideration is 


given to developing the supplements with the help of 
committees from the different engineering societies, the 
ECPD Committee on Ethics should prepare and distribute 
pamphlets supplementing the Canons in several distinct 


areas. These suggested supplements are: 


1. Ethics for Employers of Engineers (Supplementing Numbers 
21 and 22 of the Canons). This should emphasize the truth 
that the engineer has a personal responsibility for his pro- 
fessional work, which cannot be delegated to others; 
it should make clear the distinction between the work of the 
engineer and of the technician. Also, the duty of employers 
to provide opportunities for each engineer to extend his 
education and to contribute to professional society activities 
should be made clear. 


2. Ethics for Engineers Who Than One 


the Canons) 


Work for More 
Employer (Supplementing Numbers 15 and 27 of 
Che duty of the employed engineer to obtain the consent of 
his employer before undertaking work for another should 
be emphasized. Also, the engineer’s obligation to give full 
measure of services to each employer or client, beyond the 
mere devotion of a specified time to the work, should be 
fully developed. This subject is important because of the 
large number of employed engineers who have “week 
end” jobs also, and because of the many engineers who 
divide their time between two or more employers. 

3. Ethics of Recruiting. 
pamphlet recently prepared by the American Society for 
It should 
give special consideration to the procedures in recruiting 


This may well be based on the 
Engineering Education (ASEE) on this topic. 


college students, and to the practice known as “pirating” 
of already employed engineers. The proper procedure for 
an employed engineer in seeking a new position should also 
be developed. 
4. Ethics for Engineering Students. This may well be 
A Discipline, 


that has been used for some time in the Newark College 


based on the excellent pamphlet, Engineering 
of Engineering. It should give special consideration to 


the honor system in homework and examinations. It 
should make clear the responsibilities of students to theit 


teachers and to the educational institution. 
5. Ethics for Licensed Professional Engineers (Supplementing 
Numbers 4, 11, 12, 17, and 28 of the Canons). 


provide a specialized code of ethics that may be used by 


This should 


licensing boards in deciding whether to grant or to with- 


draw licenses. It should be so phrased that the ethical 
requirements set forth may be legally enforceable, and that 
ultimately it may form a number of supplements to the 


Model Licensing Law. 


Engineering Ethics 





6. Ethics for Engineering Organizations. This should make 
clear the duty of the engineer to put the interests of the 
public before personal gain and should outline what are 
fair and proper procedures for engineering organizations 
in their relations with employers, other similar organiza- 
tions, and the public. 


THE TEACHING OF ETHICS 
THE IMPORTANCE OF ETHICS in the professional career of 
the engineer is so great that it is highly desirable to include 
the subject in undergraduate teaching. It was the consen- 
sus of the ECPD group at Toronto, and especially of the 
ASEE members, that the ethics of students reflect to a large 
degree the examples set by their teachers and by the 


members of the profession with whom they come in con- 
tact. It was also their considered opinion that ethics 
should be taught by the case method, as law is, so that a 
book of ethical problems and their solutions, taken from real 
life, will be extremely useful to educators. With this 
purpose in mind, the AIEE Committee on Ethics proposes 
to collect material of this kind, and to co-operate with the 
ECPD Ethics Committee in adapting it to teaching pur- 
poses. 


REFERENCES 
1. The Philosophy of Codes of Ethics, L. L. Fuller, Electrical Engineering, vol. 74, 
no. 10, October 1955, pp. 916-8. 


2. Human Society in Ethics and Politics (book), Bertrand Russell, Simon and 
Schuster, Inc,, New York, N, Y., 1955. 





The Magnetic Fields of 
Isolated Moving Charges 


H. L. ARN 


HE AIM of electromagnetic theory is to investigate 
iB iets properties of electromagnetic fields and relations to 

their sources. One problem in the latter category which 
is of some interest is that of determining the magnetic field 
due to a moving electric point charge. It is observed that 
the field is ‘‘proportional to the magnitude of the charge, its 
velocity, and the sine of the angle its velocity makes with 
the line joining it to the point of observation, and inversely 
proportional to the square of the distance from the charge 
to the point of observation.” In vector notation, and 
rationalized Giorgi units, which will be used in this dis- 
cussion, this is written concisely as! 
q r 
H ot 18 u X - (1) 
H is the magnetic field intensity, g the electric charge, u 
its vector velocity, and r the vector distance from the 
charge to the point of observation; r is the absolute value of 
r. 

It should be possible to relate this to Maxwell’s equation, 
which gives H in terms of J, the current density, and the 
time derivative of D, the electric displacement, by? 
VXH=JjJ+ = (2) 

ot 

Frequently the two formulas are related by considering 
that the moving charge represents an “element of current,” 
such that {J dV = qu, dV being an element of volume 
and the integral extending over the small volume to which 
q is confined. This interpretation makes no use of the 
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term OD/dt. However, for the charge q, it is known? 
that D = (¢/4m)(r/r*) and, when it moves at a velocity u, 
a straightforward calculation gives for the time derivative 


oD 


7 4," as, r’)] (3) 


which, it would seem, should be taken into account in 
equation 2. Now it is a known vector identity that when 
(as is true here) u is not a function of the spatial co-ordi- 
nates‘ 


V[u-(r/r?)]= —V[u (r/r*)] (4) 
From equations 1, 3, and 4 is derived 


D 
1 yfu-(e/r)]=— (5) 


he or 


VXH =v x[ux(r/r3)]= 
4n 


But this is just equation 2 with J = 0. Thus, the magnetic 
field of the moving charge may be accounted for by the 
displacement term in Maxwell’s equation, and there is no 
need to consider the charge as an “‘element of current.” 
Indeed, the interpretation of the moving charge as an 
element of current, and neglect of the displacement term, 
would make V X H = 0 everywhere except in the région 
actually occupied by the charge. However, a decomposi- 
tion of the left-hand side of equation 4 gives,' in general 


VX [uX(r/r5)] = —(u/r)+3(u-r)(r/r) 40 


A special article recommended for publication by the AIEE Committee on Basic Sciences, 


H. L. Armstrong is with Pacific Semiconductors, Inc., Culver City, Calif. 
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Thus, the interpretation in terms of changing displacement 
seems to be preferable. 

A similar remark may be made about the idea of the 
magnetic field due to an isolated current element. An 
isolated conductor element of vector length ds carrying a 
current J must, since charge is conserved at both ends, have 
associated with it an electric dipole of moment m, the time 
derivative of m being given by 
ares (7) 
ot 
Such a dipole would cause an electric displacement whose 
time derivative would be® 


(8) 


I 
= ——V[dS-(r/r3)] 
4x 


and this, being of the same form as equation 3, gives for 
H, by a discussion analogous to that following equation 3, 


-(2)asxce/m) 


so that the magnetic field attributed to the current element 
could equally well be ascribed to the changing displacement 
which must be associated with such an element. In a 
closed circuit, of course, there need be no accumulation of 
charge and, thus, no changing displacement. In this case, 
the magnetic effects must be ascribed to the current. 

The conclusion to be drawn from this discussion is that 


(9) 


any treatment of isolated current elements, or of moving 
charges, in which the effects of changing displacement are 
ignored, is somewhat inconsistent and could be risky. 
When a charge is changing position, or a dipole moment is 
changing, the magnetic field can be calculated from the 
changing electric displacement by Maxwell’s equation. 
The concept of current, then, might be reserved for phe- 
nomena which produce magnetic effects but show no par- 
ticle motion on a macroscopic scale. (Of course, any 
current is a flow of electrons or other charged particles, 
but this is on a microscopic scale, which lies outside the 
range of ordinary electromagnetic theory.) It would be 
logical, then, to define the current density by 
oD 


=VXH- 
J ” ot 


10) 


which, indeed, amounts to what is done when a steady 
current is measured with a galvanometer. 


REFERENCES 


1. Principles of Electricity and Electromagnetism (book), G. P. Harnwell. 
Hill Book Company, New York, N. Y., second ed., 1949, pp. 311-12. 


McGraw- 


2. Ibid., p. 344. 
3. Ibid., pp. 13 and 66. 


4. Die Mathematischen Hilfsmittel des Physikers (book), E. Madelung. Julius 
Springer, Berlin, Germany, third ed., 1936, reprinted by Dover Publications, New York, 


N. Y., 1943, p. 118. 
5. Ibid., p. 119. 
6. G. P. Harnwell, of cit., pp. 16 and 62. 





Closed-Circuit Television 


Closed-circuit television has a new job—helping to meet 
America’s vital need for more psychiatrists. In what is 
believed the first closed-circuit project of its kind, the 
system produced by General Precision Laboratory, Inc. 
(GPL) of Pleasantville, N. Y., has been installed in the 
Nebraska Psychiatric Institute, Omaha, Neb. The Insti- 
tute, under the direction of Dr. Cecil Wittson, uses the sys- 
tem to show advanced students actual treatment of patients 
by experts. At the Institute three cameras are used, each 
mounted with its control cabinet and monitor in a small 
cart, providing three completely mobile pick-up units. 
The camera is only 9 by 5!/; inches and weighs five pounds. 
The chassis is the plug-in type, facilitating easy mainte- 
nance. Each treatment room has a separate camera port, 
through which the camerman can shoot without disturbing 
doctor or patient. The cameras are set up to cover up to 
three treatment rooms simultaneously. Because of the 
extreme sensitivity of the GPL camera, room lighting 
problems are minimized. The sound is picked up by 
microphones permanently installed in the ceiling of each 
treatment room. At the control room, the three pictures 
are monitored and the most significant treatment selected 
for transmission to the auditorium, where it is projected 
onto a screen by the GPL PB-677 projector. Large groups 
of students are able to see and hear more clearly than if 
they were actually in the treatment room. 
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Summer and Pacific Meeting Offers 


Comprehensive Technical and Social Program 


THE AIEE 1956 Summer and Pacific 
General Meeting to be held in the Fairmont 
Hotel, San Francisco, Calif., June 25-29, 
will offer a program and activities that will 
A full and interesting 
Six inspec- 


appeal to all interests. 
technical program is assured. 
tion trips of both general and _ technical 
interest climaxed by a sightseeing boat tour 
up the bay to the largest fuel-electric power 
plant west of the Mississippi will complete 
the program. Sports events will be high- 
lighted by a salmon derby outside the Golden 
Gate. A diversified entertainment program 
for the ladies, and special activities for 
students round out the Convention schedule. 

In addition to being host to the Conven- 
tion, San Francisco is world famous as a 
vacation center. Places of historic interest 
and restful resort areas abound within easy 
driving distance. These features, combined 
with many other outstanding tourist attrac- 
tions in northern California, offer an un- 
equalled opportunity to combine a business 
trip to the Convention with a family vaca- 
tion 


Registration 


The registration desk will be located in the 
lobby of the Fairmont Hotel. Facilities for 
registering will be available Sunday after- 
noon, June 24, and continued throughout 
the meeting. 

Members and nonmembers should register 
in advance by returning the advance regis- 
tration card sent with the mailed announce- 


ment. Registration fees are $5 for members 
and $8 for nonmembers. Families and 
students will not be charged a fee. 

Those registering are asked to indicate on 
the card the events in which they expect to 
participate. The San Francisco Section 
must make firm commitments and guaran- 
tees for several of the events prior to the 
start of the Convention. It is hoped that all 
persons interested in the various events can 
be accommodated, but to avoid disappoint- 
ment advance payment of registration fees 
and ticket purchases is strongly recom- 
mended. Tickets will not be held unless 
prepaid. Remaining tickets will be sold 
after arrival at the Fairmont on a first-come 
first-served basis. 


Social Activities 


A Welcome Tea will be held at the Fair- 
mont Hotel on Sunday, June 24, from 4:00 
to 5:00 p.m. for early arrivals. On Tues- 
day, Wednesday, and Thursday, luncheons 
will feature outstanding speakers discussing 
various aspects of the growth of engineering 
in the West. 

On Thursday evening, at the Fairmont 
Hotel, one of the highlights of the Conven- 
tion will occur—the dinner dance with out- 
standing music and unusual entertainment. 
Dress for this event will be formal for the 
ladies, optional for the men. 

Tickets for the luncheons will be $3.50 
each; tickets for the dinner dance will be $10 
per person. 


Institute Ac tivities 


a & GOLDEN GATE 
BRIDGE, linking 
San Francisco with 
the rest of the Red- 
wood Empire. The 
length of the main 
span of this great 
bridge 1s 4,200 feet 
The twin towers of the 
$35,000,000 — struc- 
ture are 746 feet high. 


Redwood Empire Association Photo 


Inspection Trips 


A program of inspection trips of both 
technical and general interest has been 
arranged. Interested persons are urged to 
make arrangements at the inspection trips 
desk immediately after registering. People 
taking the inspection trips will be returned 
to the hotels in time for evening hospitality 
hours. Charges for transportation, etc., on 
the trips will be very moderate. 


San Francisco Naval Shipyard (Tuesday 
morning, June 26). This tour of one of the 
most colorful and capable naval shipyards in 
the United States will include inspection of 
the submarine USS Dentuda, a tour of the 
waterfront with stops to view berthed ships, 
the drydocks, the world’s mightiest crane, 
with a lift of 630 tons, and other points of 
interest as time allows. 


United Airlines Maintenance Base and San 
Francisco International Airport (Tuesday after- 
noon, June 26). The San Francisco Inter- 
national Airport is the world’s most modern 
passenger terminal. Located on the shores 
of San Francisco Bay, just a few miles from 
downtown San Francisco, it was completed 
in 1954 at a cost of more than $14 million. 
This 3,685 acre airport is one of the busiest 
in the world, serving the world’s air traffic in 
the same manner that the world-famed har- 
bor serves water-borne commerce and travel. 

The United Air Lines Maintenance Base, 
located adjacent to the International Airport, 
is United’s main repair center. On this 
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tour, complete facilities for renewing giant 
airliners, including extensive electric and 
instrument sections, will be seen. 


University of California Radiation Laboratory 
(Tuesday evening, June 26). This evening 
inspection trip to the world famous radiation 
laboratories, at which the cyclotron was first 
developed, will feature the 120-inch Bevatron 
which is capable of accelerating protons to 
6.2 billion electron volts. 


Westinghouse Sunnyvale Plant and Ford Motor 
Company San Jose Assembly Plant (Wednesday 
all day, June 27). 
the Westinghouse Electric Corporation is the 
most diversified in its output of any of the 
company’s far-flung 51 major manufacturing 
plants. 
quarter-inch gear, utilized in precision equip- 


It manufactures everything from a 


ment helping astronomers to black out the 
sun for corona studies, to the world’s largest 
rotating machine, a compressor now under 
construction, which will whip up Goliath 
gales in a wind tunnel for the U. S. Army 
Air Force. Among the other products 
Westinghouse manufactures in Sunnyvale 
are electric motors, transformers, panel- 
boards, switchgear, 5,000 kw “packaged” 
power plants, large air-moving 
equipment, gears, voltage regulators, and 
electric home heaters. The plant, which is 
the largest electrical manufacturing operation 
west of the Mississippi River, employs 
approximately 3,000 men and women. 

The Ford Assembly Plant started produc- 
tion March 1, 1955. It has a potential 
capacity of 880 passenger cars and trucks 
daily on a two-shift basis. ‘The plant con- 
tains 1 million square feet of manufacturing 
area, has 7 miles of conveyor system, and 
250 miles of electric wiring. Approximately 
3,000 people are employed at this plant. 
The group will lunch at the Ford Plant. 
After plant tours are completed, the group 
will return via the East Bay and San Fran- 
cisco-Oakland Bay Bridge. 


valves, 


Ames Aeronautical Laboratory, Moffett Field, 
and Stanford University (Thursday all day, 
June 28), Ames Aeronautical Laboratory, 
established in 1940 at Moffett Field, is one of 
the three major research centers operated by 
the National Advisory Committee for Aero- 
nautics (NACA). The 
Ames Laboratory is research in high-speed 
Research 


aerodynamics. equipment in- 


cludes 19 major wind tunnels which are 
among the largest and fastest in the world. 

After luncheon at Ames Laboratory, the 
group will move to Palo Alto for a tour of the 
Stanford University Campus. Here elec- 
tronic facilities include a 200 inch electron 
linear accelerator, a new electron microscope 
which peers into the nucleus of the atom, 
and the famous Stanford Microwave Labora- 
tory. 


Pacific Gas and Electric Company’s Steam- 
Electric Plant at Pittsburg (Friday all day, 
June 29). The men and ladies will join 
forces for this sight seeing boat trip which 
should be one of the highlights of the Con- 
vention. 
points of interest in San 
including both big bridges and the near- 
Richmond-San_ Rafael 
four oil refineries, numerous industrial in- 


rhe trip will offer views of many 
Francisco Bay, 
completed bridge, 
stallations, and points of historical interest 
The trip will terminate at the Pacific Gas and 
Electric Company’s 660,000 kw Pittsburg 
steam-electric plant, the largest such plant 
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The Sunnyvale plant of 


primary role of 


Tickets for this tour 
Lunch and other 


west of the Mississippi. 
will be $4.50. 
ments will be available on the boat at a 
modest price. 


refresh- 


Student Activities 


n addition to other Convention activities 
several events have been planned especially 
trip to the 
University of California Radiation Labora- 
In the 
afternoon the Undergraduate Student Prize 
Paper Contest will be held. A Counselors 
and Students Dinner at the International! 
House, University of California, will take 
Tickets for this 


for students. An _ inspection 


tory is planned for Tuesday morning 


place 
dinner will be $2.65 each. 


Tuesday evening 


[hursday morning will see the Student 
Paper Presentations. At Thursday’s luncheon 
the prize paper winners from all AIEE dis- 
tricts will be presented. 


Ladies Entertainment Program 


I'he ladies attending the Convention are 
sure to enjoy a full and diversified program. 
The Ladies Entertainment Committee, 
headed by Mrs. J. S. Moulton, has planned 
a wide variety of events that will appeal to all 
interests. Each day, Monday 
rhursday, a hospitality room will be open in 
the Garden Room of the Fairmont Hotel 
from 9:00 a.m. to 5:00 p.m. as a meeting 
place and for cards. Coffee will be served 
from 9:00 to 10:00 a.m. 

On Sunday, June 24, a Welcome Tea will 
be held at the Fairmont from 4:00 to 5:00 
p.m. Monday will be free for 


through 


individual 
shopping and sight seeing. ‘Tuesday will 
feature a luncheon and fashion show at the 
Sheraton-Palace Hotel. A bus trip down 
the San Francisco Peninsula and a tour of 
the world famous Roth Gardens wil] occupy 
Wednesday morning followed by lunch at 
Rickey’s Studio Inn at Palo Alto, and a stop 
at Sunset House during the return trip to 
San Francisco. On Thursday, 
shopping trip to Chinatown, the largest such 
settlement in the world outside China, and 
lunch, Japanese style, at Yamato’s Restau- 


a tour and 


rant will climax the activities 


planned for the ladies 


separate 


Women are cordially invited to play golf 
Tuesday morning, June 26. If a sufficient 
number play, a tournament may be arrange¢ 
Women may participate in the 
Derby on Wednesday. For the 


Salmon 
Thursday 
night banquet and dance, dress will be 
formal for the ladies, optional for the men 
On Friday, the ladies will join the men on 
the sight-seeing boat trip up the bay to the 
Pittsburg Steam Plant. 

At the time of the Convention the weather 
in San Francisco will probably be quite cool; 
Fall-type clothing is recommended. Baby 
sitting service will be available. 

Tickets for the fashion show lunch will be 
$3.50. Tickets for the Peninsula tour and 


lunch, including transportation, will be 


$5.25. 


Sports 


Golf. Lake Merced Golf and Country 
Club in San Francisco, beautifully situated 
with even terrain, will be host to all meeting 


registrants for a tournament commencing at 
12 


noon on Tuesday, June 26. Registered 


male members of Districts 8 and 9 (Pacific 
Coast members ) may compete for the John B. 
Fisken Cup, a perpetual trophy. This cup 
is awarded for low net score—18 holes medal 
play. Several other beautiful and valuable 
prizes will be open to all players. Entrance 
fee is $5 per person, not including caddy. 
Caddies and carts will be available. hose 
interested are asked to bring their own clubs, 
but if they cannot, the Committee will be as 
helpful as possible in arranging for equip- 
ment. Lunch can be obtained at the Club 
prior to start of play. 

[he women of the meeting are cordially 
invited to play the same course early Tuesday 
June 26. It is 
sufficient number will play to warrant a 


morning, hoped that a 
tournament with prizes for the ladies 
Golfers should register at the Sports In- 
formation Desk for starting time and trans- 
portation, if desired. Club handicaps or 
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INTERIOR VIEW of motor house of the Ames Unitary Plan Wind Tunnel, Ames Aeronautical Laboratory, 
Moffett Field, Calif., showing the four giant 45,000-hp electric motors which form the main drive of the 


wind tunnel. 
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Tentative Technical Program Summer and Pacific General Meeting, 


San Francisco, Calif., June 25-29, 1956 


Monday, June 25 


9:00 a.m. Relays 


CP.* New Relaying Developments. R. E. Cordray, 
General Electric Company 


CP.* A _ Transistorized Distance 
Bergseth, University of Washington 


CP56-632. 
cuits, 


Relay. F. R 


The Protection of Pilot Wire Relay Cir- 
Pacific Coast Subcommittee 


CP.* Tests and Operating Experience with Carrier 
Transfer Trip Relaying for Line Protection. A. W 
Adams, Bonneville Power Administration 


CP56-652. Protecting A-C Motors with Low-Voltage 
Air Circuit Breaker Series Trips. F. P. Brightman, 
P. J. Reifschneider, R. R. McGee, General Electric Co 
9:00 a.m. Substations 

56-706. Present Practices in Electrical and Mechan- 
ical Design of Busses for Extra High Voltage Sub- 
stations. Working Group on Project 53.1 


CP56-707. Flexible Copper Braid for Electrical 
Buses and Connectors. M. Brenner, Penn Union Elec- 
tric Co 


56-647. Basic Designs for Large High Voltage Sub- 
stations. E.G. Norell, Sargent and Lundy 


9:00 Instruments and Measure- 


ments 


a.m. 


CP56-794. VIAC: A Variable Interval Automation 
Controller. J. R. Wood, M. L. Klein, H. C. Morgan, 
North American Aviation Inc 


CP56-795. Accurate Measurement of Phase Shift at 
Low Audio Frequencies, W. M. Meier, Westinghouse 
Electric Corporatior 


9:00 a.m. General Industry Applications 


9:00 a.m. Communication Theory 
CP56-653. The Communication Engineer’s Needs in 
Information Theory. W. T. Rea, Bell Telephone 
Laboratories, Inc. 


CP.* Reliable Circuits Using Less Reliable Relays. 
E. F. Moore, C. E. Shannon, Bell Telephone Laboratories, 
Inc 


CP.* What Use Is Delta Modulation to the Trans- 
mission Engineer? F. K. Bowers, Bell Telephone 
Laboratories, Inc. 


CP.* The Cash Value of Information Rate. J. L. 
Kelly, Jr., Bell Telephone Laboratories, Inc. 

9:00 a.m. Problems of Getting Young 
Engineers from College into 
Industry 


Panel on Electronics: D. I. Cone, Pacific Telephone 
and Telegraph Company; F. E. Terman, Stanford 
University; J. M. Cage, Purdue University; and W. R 
Hewlett, Hewlett-Packard Company. 


Panel on Power: R. O. Brosemer, General Electric 
Company; J. C. Beckett, Wesix Electric Heater Com- 
pany; W. R. Johnson, Pacific Gas and Electric Com- 
pany; and M. S. Oldacre, Stanford Research Institute 


2:00 p.m. Opening Ceremony 


Address of Welcome. J. S. Moulton, general chairman 


2:30 p.m. Annual Meeting 
1. Report of the President, M. D. Hooven 


- 


2. Report of the Board of Directors, N. S. Hibshman, 
secretary 


3. Report of the Treasurer, W. J. Barrett. 


4. Report of the Committee of Tellers on: (a) Votes 
for nominees for AIEE offices. (b) Proposed Con- 
stitutional amendments 


5. (a) Introduction of, and presentation of President’s 
badge to M.S. Coover. (b) Response by Mr. Coover 


* Conference papers will not be printed by the 
Institute; they may be available, however, at the 
meeting at the discretion of the author, 
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NEW PREPRINT PRICES 


40¢ to Members 
80¢ to Nonmembers 


MINIMUM ORDER by mail $1.20 
unless accompanied by remittance 
or coupons. All nonmember orders 
must be accompanied by remittance. 


COUPON BOOKS in ten-dollar de- 
nominations may be purchased. 


NUMBERED PAPERS 
available. 


only are 


SEND ORDER and remittance to: 


AIEE Order Department 
33 West 39th Street, 
New York 18, N. Y. 











6. Presentation of the Lamme Medal to C. R. Hanna, 
Westinghouse Electric Corporation 


(a) The Establishment of the Medal. J. J. Pilliod, 
chairman, Lamme Medal Committee. (b) The Career 
of the Medalist. Dr. J. A. Hutcheson, vice-president, 
Engineering Research, Westinghouse Electric Corpora- 
tion c) Presentation of the Medal and Certificate by 
President M. D. Hooven. (d) Response by Mr. Hanna 
7. Any other business that may be presented. 


8. Address: Dr. A. B. DuMont 


Tuesday, June 26 
9:00 a.m. Section Delegates Conference 
9:00 a.m. Transmission and Distribution 


230-Kilovolt 
T. M. Austin, Bureau of Reclama- 


CP56-708. Big Bend-Granite Falls 
Transmission Line. 
tion 


CP56-709. Tra issi Pl ing for Mountain 
Sheep-Pleasant Valley Project. W. A. Morgan, G. R. 
George, R. C. Guse, M. F. Hatch, The Washington Water 
Power Company 


CP56-710. Economics of Var Supply in a Large 
Electric Power System. T. A. Bettersworth, Pacific Gas 
and Electric Company 


56-711. Short-Circuit Tests with Rapid Reclosing on 
the 220-KV Line Mettlen-Lavorgo. F. Schaer, Olten, 
Switzerland; P. Baltensperger, Baden, Switzerland 





9:00 a.m. Rotating Machinery—Induc- 


tion 


56-712. The Schrage Motor as a Synchronous Tie 
Transmitter. J. P. Landis, E. I. du Pont de Nemours 
and Company 


CP.* Recent Trends in Pump Motor Design. W. B. 
Rice 

CP56-648. Vibratory Systems in Vertical Motor 
Mountings. J. M. Shulman, Westinghouse Electric 
Corporation 

CP56-713. Vibration in Vertical Pumping Systems. 
J. H. McKendree, L. A, March, General Electric Company 


9:00 a.m. Magnetic Amplifiers 


56-714. Dynamic Behavior of a Three-Phase Mag- 
netic Amplifier. F. J. Ellert, General Electric Cornpany 
56-715. The Triductor, 


Toronto 


CP56-716. Characteristic Properties of a Magnetic 
Frequency Multiplier. W. Leonhard, Westinghouse 
Electric Corporation 


P. P. Biringer, University of 
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CP56-649. A Delta-B Indicator. H.W. Lord, General 
Electric Company 


56-717. Superposed Magnetic Fields in Materials 
and Rectangular Hysteresis Loops. C. B. Wakeman, 
Magnetics, Inc.; F. J. Beck, Yale University 

9:00 a.m. 


Instruments and Measure- 


ments 


CP56-796. New D-C Hysteresigraph. R. E. Tomp- 
kins, J. D. Young, General Electric Company 


CP56-797. An Instrument To Record Voltage Flicker. 
V. H. Kraybill, Commonwealth Edison Company; 
H. M. Jensen, Pennsylvania State University 


9:00 a.m. Telegraph Systems 


CP56-634. Electrical Teletypewriter Transmitter. 
N. N. Biswas, University of Roorkee, India 


56-654, Tr issi of B Machine Data 
Over Standard Telegraph Channels. F. B. Bramhall, 
Western Union Telegraph Company 





CP.* Error Checking with Particular Reference to 
Telegraph Systems. R. M. Gryb, Bell Telephone 
Laboratories, Inc. 

56-655. Control System for Integrated Data Process- 
ing. P. R. Easterlin, Western Union Telegraph Com- 
pany 

56-646. Automatic Dispatch System for Half-Duplex 
Teletypewriter Lines. J. L. Maxwell, H. K. Farvar, 
The Pacific Telephone and Telegraph Company 

9:00 a.m. 


Domestic and Commercial 


Applications 


CP.* The Influence of Practical Considerations on 
the Use of Electric Heating for Homes. S. L. Forsyth, 
Westinghouse Electric Corporation 

CP.* Favorable Economics of Resistance Heating. 
J.C. Beckett, Wesix Electric Heater Company 
CP56-690. A Study of the Electrical Characteristics 
of a 20-Suite Electrically Heated Apartment. J. C. 
McAdam, British Columbia Electric Company, Ltd. 
CP56-691. The Design and Operation of an Air-to- 
Air Heat Pump Air Conditioning. H. E. Burrier, 
Southern California Edison Company 

CP.* Electric Heating and Heat Pumps. C. E. 
Baugh, Pacific Gas and Electric Company 


9:00 a.m. Land Transportation 


CP56-762. Rapid Transit Progress in Toronto. 
J. G. Inglis, Toronto Transit Commission 

CP.* Rapid Transit Expands in Chicago. S. D. 
Forsythe, Chicago Transit Authority 

CP56-763. Adapting a Trolley Coach System to a 
Changing Traffic Pattern. S. M. Shockey, Seattle 
Transit System 


2:00 p.m. Section Delegates Conference 


2:00 p.m. Industrial Power Systems 
CP56-718. Economics of Distribution Systems. P. F. 
Larson, Holmes and Narver, Inc. 


CP56-719. Emergency Electrical Service for Hos- 
pitals. M. L. Beeson, County of Los Angeles; P. Belsky, 
Westinghouse Electric Corporation 


CP56-720. Adequate Capacity in Electrical Services 
and Distribution Switchgear for the Cannery. 2&. S. 
Wilson, Processors and Growers Association 

CP.* Safety. E. E 


Industrial Safety 


Carleton, California Division of 


2:00 p.m. Transmission and Distribution 


56-721. The Alcunector—An All Weather Connector 
for Aluminum to Copper Conductors, E. W. Green- 


field, A. H. Selker, Kaiser Aluminum and Chemical 


Corporation 


56-722. Emissivity and Its Effect on the Current 
Carrying Capacity of Stranded Aluminum. C. S. 
Taylor, H. E, House, Aluminum Company of America 
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56-723. General Purpose Overhead Distribution 
Above 5,000 Volts in Urban Areas. W. R. Bullard, 
Ebasco Services, Inc. 


CP.* Protection and Application of Series Capaci- 
tors Used with Distribution Transformers. G. G. 
Auer, L. W. Robbins, N. M. Neagle, General Electric 
Company 


2:00 p.m. 


56-633. 
tion Testing of Generator Stator Windings. 
Schurch, U. S. Bureau of Reclamation 


56-724. Analog Computer Representations of Syn- 
chronous Generators in Voltage Regulation Studies. 
M. Riaz, Massachusetts Institute of Technology 


56-725. The Design of a Very Slow Speed Reluctance 
Motor for Atomic Reactor Rod Mechanism Drive. 
D. A. Guerdan, Westinghouse Electric Corporation 


2:00 p.m. 


56-726. Magnetic Amplifier Control of Switching 
Transistors. H. W. Collins, Westinghouse Electric 
Corporation 


56-727. Magnetic Logic Circuit Control System 
Design Considerations. 2. 7. Van Nice, Westinghouse 
Electric Corporation 


56-728. Magnetic Pulse Generator Practical Design 
Limitations. M. F. Thompson, R. R. Trautwein, E. R. 
Ingersol/, North American Aviation, Inc. 


CP56-729. The Efficiency of Magnetic Pulse Gener- 
ators. 3B. M. Wolfframm, Magnetic Research Corpora- 
tion 

CP56-730. Instabilities of Push-Pull Magnetic 
Amplifiers Feeding the Field of an Electrical Machine. 
H. F. Swrm, General Electric Company 


2:00 p.m. 


Rotating Machinery 


Experience with High Voltage D-C Insula- 
E. C. 


Magnetic Amplifiers 


Instruments and Measure- 


ments 
2:00 p.m. 


CP56-764. 
Rail Cars. 


CP.* 
Cars. 


Land Transportation 
Developing and Building Rapid Transit 
E. C. Wrausmanna, St. Louis Car Company 


Modern Brakes for Modern Rapid Transit 
C. M. Hines, Westinghouse Air Brake Company 


CP.* First Year’s Operating Experience with New 


Control Equipment on 100 New York City Subway 
Cars. G. W. Weber, General Electric Company 


CP56-765. Recent Developments in Lightweight 


Rapid Transit Equipment. H. S. Robinson, J. A. 
Schoch, Westinghouse Electric Corporation 


2:00 p.m. Computers in Business and 


Electric Utility Problems 
CP.* Some Opportunities for Operations Research 
in the Electric Power Industry. W. J. Platt 


CP.* Computers in Business and Industrial Control 
Problems. £. M. Grabbe, Harry Larson 


CP56-661. Quasi-Random Access Memory Systems. 
G. L. Hollander, Clevite-Brush Development Company 


Wednesday, June 27 


9:00 a.m. Power Systems in the Steel 


Industry 


56-657. Electric Power Systems for Steel Plants. 
H. N. Cox, L. G. Levoy, General Electric Company 


56-731. Centralized Control of Power Systems in 
the Steel Industry. W. A. Derr, W. L. Metz, Westing- 
house Electric Corporation 


Symposium—The Problem of Fluctuating Loads in the 
Steel Industry 


56-637. Voltage Dips and Flicker. 
Southern California Edison Company 


A. A. Kronebderg 


CP.* Operating Experience with a High-Speed. 
Turbine Load Regulator. D. E. Young, United States 
Steel Corporation 

CP.* The Power-Distribution System of an In- 
tegrated Steel Plant. Donald Stewart, Jr., Kaiser Steel 
Company 
9:00 a.m. Communication Switching 
Systems 

56-662. Design Features of Bell System Wire Spring 
Relays. H. M. Knapp, Bell Telephone Laboratories, 
Inc. 

56-650. Manufacture of Wire Spring Relays for 
Communication Switching Systems. J. W. Rice, 
Western Electric Company, Inc. 
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56-658. Capability of Sealed Contact Relays. O. M. 


Hovgaard, Bell Telephone Laboratories, Inc. 
56-663. The Develop of A 
turing Facilities for Reed Switches. 
Western Electric Company, Inc. 


56-645. Traffic Considerations on Community Dial 
Offices. S. J. Lanigan, T. J. McDonough, Rural Elec- 
trification Administration 


Manufac- 
J. A. Hosford, 





9:00 a.m. 


CP56-664. Resistance Instrument for an Aluminum 
Reduction Pot Line. JL. H. Wolgast, Reynolds Metals 
Company 


Industrial Power Rectifiers 


CP.* Measurements of Arc Drop on Mercury-Arc 
Rectifiers. J. E. Hudson, General Electric Company 


CP.* Operating Experiences with the Mechanical 
Rectifier. Thomas Cootsona, Food Machinery and 
Chemical Corporation 


CP.* A Description of the Electrical Installation of 
the Anaconda Aluminum Plant at Columbia Falls, 
Montana. H. W. Kanzler, Anaconda Aluminum Com- 
pany 


9:00 a.m. 


56-629. Simplified Method for Calculating Inter- 
mediate Faults on Mutually Coupled Transmission 
Lines. M. J. Lantz, Bonneville Power Administration 


56-627. 
Tree. 
56-732. Reduced Insulation in Power Systems at the 
Higher Voltages—The Problems It Presents. P. L. 
Bellaschi, Portland, Ore. 

56-733. A New Approach to the Calculation of the 


Lightning Performance of Transmission Lines. 
C. F. Wagner, Westinghouse Electric Corporation 


Transmission and Distribution 


Electrical Resistance to the Earth of a Live 
F. M. Defandorf, National Bureau of Standards 


9:00 a.m. Transformers 


56-734. A Study of the Co-Ordination of Modern 
Arresters and Transformer Insulation. £. J. Adolph- 
son, F. J. Vogel, Allis-Chalmers Manufacturing Company 


56-735. Switching Surge and Long Duration Voltage 
Tests on Transformer Insulation. W. C. Farneth, 
F. J. Vogel, Allis-Chalmers Manufacturing Company 

56-628. Minimum Cost Loading of Transformers. 
A. Klopfenstein, Southern California Edison Company 

CP56-736. Reduction of Audible Sound of Trans- 
formers by the Suspension Method of Installation. 


C. P. Xenis, Consolidated Edison Company of New York, 
Inc. 


CP.* Low-Remanence Aluminum Iron. D. Paviovic, 


K. Foster, Westinghouse Electric Corporation 


9:00 a.m. Magnetic Amplifiers 

CP.* Teaching Magnetic Amplifier Circuits. H.C. 
Bourne, University of California 

56-626. Alternating Current Control of the Half- 
Wave Bridge Magnetic Amplifier. 7. Bernstein, 
General Motors Corporation; N. L. Schmitz, University 
of Wisconsin 

CP56-737. A Stable Low-Level Magnetic Amplifier. 
R. Cockrell, Boeing Airplane Company 

CP.* Fast Response Low-Level Magnetic Amplifiers. 
A. Hoffman, Convair 

56-738. Inverse Time Underfrequency Relay. 2. G. 
Hoft, General Electric Company 


9:00 a.m. 


CP.* Organizing To Build 
Edison Nuclear Power Plant. 
wealth Edison Company 


CP.* Management Development in the Communi- 
cations Field. Glen Ireland, Pacific Telephone and 
Telegraph Company 


Management 


the Commonwealth 
J. E. Maider, Common- 


CP.* How an Engineering Education Fits an Indi- 
vidual for a Management Position. GC. C. S. Benson 
Claremont Men’s College 


9:00 a.m. 
CP56-799. Single Sideband Subscriber 
W. E. Noller, Lynch Carrier Systems, Inc. 


CP56-798. Application of Single Sideband Sub- 
scriber Carrier to Rural Telephone Lines. G. L. 
Curtis, Lynch Carrier Systems, Inc 


CP56-800. FM Subscriber Carrier. Elvin Krasin, 
Panhandle Electrica] Construction Company 


CP.* Pi Carrier System. 
Laboratories, Inc. 


2:00 p.m. 


Wire Communication Systems 


Carrier. 


R. C. Boyd, Bell Telephone 


Substations 


CP.* Development of Automatic Dry Chemical Fire 
Protection Systems for Large Outdoor Transformers. 
E. F. Weaver, Pennsylvania Power and Light Company 


CP56-739. Insulator Washing in Substations. AR. S. 
Melville, Southern California Edison Company 


Pres deg 


Le oe te 


TWO LARGE POWER transformers being made ready for tests at the Westinghouse plant at Sunnyvale, 


Calif. 
line voltage from 69,000 to 12,470 volts. 


Institute Activities 


The big 3-phase transformers are rated at 10,000 kva each and step down the transmission 
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A SIGHTSEEING boat trip to the Pacific Gas and Electric Company's Steam-Electric Plant at Pittsburg, 
Calif., will be one of the highlights of the Summer Meeting. 


CP56-740. Cleaning Insulators in Energized Sub- 
stations. ( L. Collins, J. H 


Water and Power, Los Angeles, Calif 


Rutter, Department of 


56-636. New Lightning Arrester Standard. H. R. 
Armstrong, Detroit Edison Company; F. M. Defandorf, 
National Bureau of Standards; A. M. Opsahl, Westing- 
house Electric Corporation 


CP56-741. The Application of Lightning Arresters 
on a Large Power System. H. R. Armstrong, Detroit 
Edison Company 

2:00 p.m. Communication Switching 
Systems 

56-631. Recent Developments in Four-Wire Switch- 


ing of Long-Distance Telephone 
Molnar, Automatic Electric Company 


Circuits. Imre 


56-665. The Full Stature of the Crossbar Tandem 
Switching System. John Meszar, Bell 
Laboratories, Inc. 


Telephone 


56-668. Electronics in Telephone Switching Systems. 
A. E. Joel, Bell Telephone Laboratories, Inc 


CP56-666. A Magnetic Drum Storage System Con- 
sidered for Use as a Common Sender in Nationwide 
Dialing. H. F. May, Bell Telephone Laboratories, Inc. 


56-667. Recent New Features for the Number 5 
Dehn, R. E 


Re-presented 


Crossbar Switching System. J. W 
Hersey, Bell Telephone Laboratories, In 
for discussion 
2:00 p.m. Transformers 

56-742. Determination of Impulse Stresses Within 
Transformer Windings by Computers. J. H 
McWhirter, C. D. Fahrnkopf, J. H. Steel 
Electric Corporation 


¢, Westinghouse 


56-743. Effect of Impulse Testing on Transformer 
Iron Loss. J. H. McWhirter, T. R. Specht, W. D. 
Albright, Westinghouse Electric Corporation 


56-744. Ultrasonic Detection and Location of Elec- 
trical Discharges in Insulating Structures. J. G 
Anderson, Genera] Electric Company 


56-745. Evaluation of Dielectric Strength Gauges for 
Transformer Oil. K.H. Weber, R. B. Kaufman, General 
Electric Company 


CP56-746. Use of Aluminum Strip Conductor in Dry 
Type Transformers. J. C. Meekins, T. E. Lewis, J 
Staley, Reynolds Metals Company 

2:00 p.m. Magnetic Amplifiers 

56-747. The Series Magnetic Amplifier, Part I—The 
Four Modes of Operation. R. C 
versity 


CP56-748. The Series Magnetic Amplifier, Part Il— 


The Mechanisms of Gain and Time Constant. R&. C 
Barker, Yale University 


Barker, Yale Uni- 


66-749. Diode Shunting in Magnetic Amplifiers. 
J. L. Lowrance, J. E. Dolan, Bendix Aviation Corporation 
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CP.* A Silicon Diode Reference 
Woodworth, Michelson Laboratories 


Unit, W. H. 


56-750. The Simple Reactor Circuit; Its Operation 
and Mode Transition. J. F. Ringelman, A. L. Fenaroli, 
Westinghouse Electric Corporation 


CP.* Evaluation of Materials for Reducing Vibra- 
tion Effects on Toroidal Cores. W. F. Horton, Lear, 
Inc 


Television and Aural Broad- 
casting Systems 


2:00 p.m. 


CP.* Recent Developments in High Fidelity Ampli- 
fiers and Other Equipment. F.H. McIntosh, Frank H. 
McIntosh Consulting Radio Engineers 


CP.* Remote Control of Directional and High Power 
Standard Broadcast Stations. A. P. Walker, Associ- 
ation of Radio and TV Broadcasters 


CP.* The Impact of Recent Research on Television 
and Aural Broadcasting Systems. G. H. Brown, 
C. N. Hoyler, Radio Corporation of America Labora- 
tories (Demonstration) 


2:00 p.m. Ethics in Engineering Practice 


CP.* The Consulting Engineer’s Viewpoint. H. J. 


Brunnier, consulting engineer 


CP.* Professional Ethics and the Government 
Engineer. E£. C. Starr, Oregon State College 


CP.* Ethics for Organizations. C. A. 
president, San Mateo, Calif. 


Powel, past 


2:00 p.m. Safety 


CP.* Field Treatment of Electric Shock Cases. 
W. B. Kouwenhoven, The Johns Hopkins University 
CP56-761. Emergency Lighting for Fire Safety. 
R. S. Moulton, National Fire Protection Association 
CP56-669. Testing for Safety—Safely. 


Nabb, Underwriters’ Laboratories 


J. A. Mae- 


2:00 p.m. Analogue-Digital Converters 


and Combined Computation 
CP.* Addaverters I—Specifications for Analog- 


Digital Analog Converting Equipment for Simulation 
Use. R. M. Leger, Convair 


CP.* Logical and Functional Organization of the 
AD-DA Verter System. 3. M. Gordon, EPSCO, Inc. 
CP.* Design and Construction of AD-DA Verter 
System. E£li Anfenger, EPSCO, Inc. 


IV—Combined Analog-Digital 
J. L. Greenstein, Convair 


CP.* Addaverters 
Computer Operation. 


Thursday, June 28 
9:00 a.m. 


Mining and Metal Industry 


Institute Activities 


CP.* This Is Automation. A. C. 
Electric Company (movie) 


Parsons, General 


CP 56-675. 
esses. 


Automatic Control Systems in Steel Proc- 
W. K. Scott, United States Steel Corporation 


CP.* Computer Applications in the Metal Working 
Industries. 1. F. Stringer, Westinghouse Electric 
Corporation 


CP.* Automatic Control for Continuous Processing 
Lines. F. L. Reed, Westinghouse Electric Corporation 
9:00 a.m. System Engineering 

CP56-642. The Connecticut Capacity Co-ordinating 
Plan. F.C. Brown, The Hartford Electric Light Com- 
pany; C. T. Hughes, Connecticut Light and Power 
Company; R. G. Warner, United Illuminating Company 


CP56-670. Summary of Some Aspects of Tie Line 
Bias Control on Interconnected Power Systems. 
Nathan Cohn, Leeds and Northrup Company 


CP.* Automatic Operation of Interconnected Areas. 
A. F. Glimn, L. K. Kirchmayer, H. H. Chamberlain, General 
Electric Company 


CP56-671. Penalty Factors from Power System 
Equations, P. G. Lubisich, Los Angeles Department of 
Water and Power 


56-672. Some General Theorems on Power Flow in 
Linear Networks. J. F. Calvert, T. W. Sz, University 
of Pittsburgh. Re-presented for discussion 

9:00 a.m. Switchgear 

56-751. Mechanical Features of New Frame Mounted 
Outdoor Oil Circuit Breakers. E. R. Perry, J. F. 
Claffie, W. L. Vance, Allis-Chalmers Manufacturing 
Company 


56-752. The Development and Testing of a 300- 
Ky Air-Blast Circuit-Breaker for Severe Duties. J. 
Christie, D. F. Amer, A. F. B. Young, A. Reyrolle and 
Company, Ltd. 


CP56-701. A New Universal Mechanically Trip- 
Free, Four Bar Linkage Mechanism for Intermediate 
Voltage Power Circuit Breakers. H. L. Peek, Allis- 
Chalmers Manufacturing Company 


CP56-753. Gas Blast Switch—Tests on 230-Kv System. 
P. E. Richardson, U. S. Bureau of Reclamation; Arem 
Foti, 1-T-E Circuit Breaker Company 


9:00 a.m. 


56-651. Application of Transistors in Power Line 
Carrier Relaying. W. C. Feaster, The Potomac Edison 
Company; E. E. Scheneman, Westinghouse Electric 
Corporation 


56-630. A Microwave Communication System for the 
Southern Colorado Power Company. G. D. Perry, Jr., 
Southern Colorado Power Company; E. Langone, 
General Electric Company 


CP56-754. Frequency Shift Microwave Channelizing 
Equipment for Line Protective Relaying. M. E 
Strong, W. R. Robinson, Westinghouse Electric Corpora- 
tion 


Carrier Current 


Television and Aural Broad- 
casting Systems 


9:00 a.m. 


CP.* Television Networks for the San Francisco 
Convention. E. D. Barcus, A. E. MacMahon 
Telephone and Telegraph Company 


Pacific 


CP.* Color Kinescope Recording on Embossed Film. 
C. H. Evans, R. B. Smith, Eastman Kodak Company 

56-673. 
Pulses. 


A Video Visual Measuring Set with Sync 
P. 1. Sproul, Bell Telephone Laboratories, Inc 


CP.* VHF Propagation Over Rough Terrain. A.G 
Sparling, Stations KHQ AM and TV 


9:00 a.m. 


CP56-674. Electrical System for a Nuclear Reactor. 
E. P. Peabody, D. S. Brereton, General Electric Company 


Chemical Industry 


CP.* Cathodic Protection for Steel Retention Tanks 
Containing Reactor Coolant Water. C. S. Bucholz, 
General Electric Company 


CP.* Minimizing the Fifth and Seventh Harmonics 
from A-C Distribution System. W. R. Kiltz, The Dow 
Chemical Company 

Facilities in 
H. N. 


CP56-480. Expansion of Electrical 
Chemical Plants Utilizing Existing Switchgear. 
Hickok, General Electric Company 


9:00 a.m. 


56-756. 
Supply. 


Electronic Circuitry 


Magnetic Regulation Transistor Power 
L. F. Lyons, Bendix Aviation Corporation 
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CP56-757. Keyed, Phase-Sensitive Demodulators. 
Robert B. Mark, P. R. Johannessen, W. X. Johnson, Massa- 
chusetts Institute of Technology 


56-758. Application of Junction Transistors to 
Carrier Frequency Computing Amplifiers. W. A 
Curtin, Radio Corporation of America 


56-759. Synchronization Accuracy Obtainable with 
Multiplier Phototubes. L. Levi, Fairchild Controls 


Corporation 


CP56-760. A Comprehensive Timing System for 
Field Testing. C.K. Raynsford, Vitro Laboratories 
9:00 a.m. Industrial Power Systems 
56-625. Distributing Large Single-Phase Loads in 
Limited Capacity Three-Phase Power Systems. C 
Aroyan, University of California; K. G. Lakey, U. S. Navy 


CP.* Petroleum Refinery Electrical Power Systems 
G. R. Dunbar, Westinghouse Electric Corporation 


CP56-767. A Transient Stability and Voltage Study 
for a Modern Oil Refinery Distribution System. ( 
W. Boice, C. F. Braun and Company; S. R. Durand, 
D. Dalasta, Allis-Chalmers Manufacturing Company 
2:00 p.m. Mining and Metal Industry 
56-639. Transient Characteristics of D-C Metal 
Rolling Motors and Generators. E£. P. Smith, General 
Electric Company 


56-638. Analysis of Tandem Cold Reduction Mill 
with Automatic Gauge Control. 2. A. Phillips, General 
Electric ( ompany 


56-656. Incremental Control Equations for Tandem 
Rolling Mills. J. H. Courcoulas, J. M. Ham, University 
of Toronto 


CP.* Modern Computer Analysis for the Design of 
Steel Mill Control Systems. J. E. Reider, P. Sphergel, 
Industria] Nucleonics Corporation 


2:00 p.m. Power Generation 
56-768. Development of the Electrical Aspects in 
Outdoor Steam-Electric Operating Stations on the 
Pacific Gas and Electric Company System. Einar 
Nilsson, Pacific Gas and Electric Company 


56-769. Outdoor versus Indoor Steam-Electric Sta- 
tions in the Houston Area. L. K. Del’ Homme, Houston 
Lighting and Power Company 


CP56-660. Salient Electrical Features of Muskingum 
River Plant. V. P. Rader, C. P. Zimmerman, American 
Gas and Electric Service Corporation 


CP56-770. Design Changes for Unit 3, Meramec 
Plant. R. 
Missouri 


Gaskins, 


Union Electric Company of 


CP56-771. Refinements in Design of Steam-Electric 
Generating Stations. J. L. Cohon, Souther 
Edison Company 


1 California 


2:00 p.m. System Engineering and Com- 


puters 


56-676. Transient 
Computer. H 
Company 


Stability 
Wood, 


Angular Increment 


Southern California Edison 


56-677. Digital Computer Solution To Determine 
Economical Use of Hydro Storage. D. 1 
University of Washington 


Johnson, 


56-678. Exact Economic Dispatch Digital Computer 
Solution. R. B. Shipley, Martin Hochdorf, ‘Tennessee 
Valley Authority 


56-679. The Use of Computing Machines in the 
Statistical Evaluation of Electric Components. W. E. 
Andrus, Jr., 
tion 


International Business Machines Corpora- 


56-680. Analysis of a Sampled Data Servomecha- 
nism Performed on the IBM 650 Magnetic Drum 
Data Processing Machine. B. M. Tostanoski, Inter- 
national Business Machines Corporation 

2:00 p.m. Switchgear 
56-772. 
istics and Applications. 
Shawmut Company 


Current Limiting Fuses—Their Character- 


P. C. Jacobs, The Chase- 


CP56-773. Co-ordination of Current Limiting Fuses 
and Low Voltage Air Circuit Breakers. M.S. Carlson, 
W.. H. Edmunds, 1-T-E Circuit Breaker Compa 

CP 56-774. 
Voltage Circuit Breaker. W 


A New High Interrupting Capacity Low 


r-E Cir- 
cuit Breaker Company 
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56-775. Testing Large Air Circuit Breaker Trip 
Devices. C. H. Titus, L. H. Sperow, General Electric 
Company. Re-presented for discussion 

2:00 p.m. Basic Sciences 
56-681. Dynamax 
Oriented Magnetic Core Material. GC. H 
General Electric Company 


56-682. Investigations Concerning Polarization in 
Barium Titanate Ceramics. G. W. Marks, L. A 
Monson, USN Electronics Lab. D. L. Weaidelich 
University of Missouri 


A New Crystal and Domain 
Howe, 


CP.* High-Permeability Aluminum-Iron. D. / 
lovic, K. Foster, Westinghouse Electric Corporati 


56-787. The Analytical Design and Evaluation 
Electromagnets. M. J. Kelly, J. E 
national Business Machines Corporation 


Wallace, Inter- 


56-684. Graphical Determination of the Fourier 
Series Coefficients. W. H. Middendorf University of 
Cincinnati 


Television and Aural Broad- 
casting Systems 


2:00 p.m. 


CP.* Projection Display for Color Television Re- 
ceivers. D. E. Fo 
of California 

CP.* Adaptation of the CHROMATRON Tube for 
Military Applications. D. R. Cone, Chromatic TV 
Laboratories, Inc. 


ter, Hazeltine Research Corporatior 


UP56-688. 
Circuit Applications. G 


Thompson Products, In¢ 


New Sloan Scan TV System for Closed 
H. Fathauer, R. H. Smith, Jr., 


2:00 p.m. Chemical Industry 
CP.* The Germanium Rectifier Is Growing Up. 
R. M. Crenshaw, General Electric Company 


CP56-689. Electric Cable Insulation in Chemical 
Plants. J. E. Parker, Carbide and Carbon Chemicals 


Company 


CP56-491. High Voltage D-C Testing of Cables and 
Cable Fault Locations. 8B. J. Nankervis, The Dow 
Chemica! Company 


CP56-470. Corona in Metal-Clad Switchgear. H. O 
Borque, Ethyl Corporation 

2:00 p.m. Radio Communication Systems 
CP.* Emergency Use of Microwave Radio in North- 
ern California. Af. W. Walther, C. S. Watkins, Pacific 
Telephone and Telegraph Company 


56-692. Impedance of Thin Wire Loop Antenna. 
J. E. Storer, Harvard University 


CP.* Tacan. H. Busignies, Federal Telecommunica- 
tions Laboratories 


Friday, June 29 
9:00 a.m. Power Generation and System 
Engineering 


CP56-635. Probability Calculations for System 
Generation Reserves. Carl Kist, G. J. Thomas, Depart- 
ment of Water and Power, Los Angeles, Calif 


56-643. Accuracy Considerations in Economic Dis- 
patching of Power Systems—Part I. A. F. Glimn 
L. K. Kirchmayer, General Electric Company Ve &A 
Peterson, G. W. Stagg, American Gas and Electric Service 
Corporation 


56-641. A New Automatic Dispatching System for 
Electric Power Systems. KA. N. Burnett, D. W. Halfhill, 
B. R. Shepard, General Electric Company 


56-776. Eastlake Reappraised. C 
land Electric Illuminating Company 
9:00 a.m. Insulated Conductors 

56-702. An All-Purpose Directional Impulse Method 
of Cable Fault Locating and Identification. E. K 
Anderson, Jr., 
York, Inc 
56-703. High Temperature Power Cable with Sili- 
cone Insulation. ( Hatcher, Consolidated Edisor 
Company of New York, Inc.; A. R. Lee, General Electri 
Company 


Consolidated Edison Company of Ne 


CP56-704. 


Blankenburg, Southern California Edison Company 


Analysis of Conductor Economics. 2. ( 


CP.* Jointing Aluminum Sheathed Power Cable. 
E. J. Merrell, R. A. Russbach, 


Products Corporation 


Phelps Dodge Copper 


Institute Activities 


CP56-705. Aluminum Sheathed Cable with Welde? 
Splice Sleeves. C. 7. Nicholson, G. P. Adams, Niagar» 
Mohawk Power Corporation 

9:00 a.m. Computing Devices and 
Applications 


56-693. Some Engineering Aspects of the Machine 
Translation of Language. R. E. Wall, Jr., Universit 
of Washington 


CP56-694. 
Registers. 
Laboratories 


Zero Signal Reliability in Magnetic Shift 


O. J. Van Sant, ( S. Naval O ance 


56-695. Magnetic Data Recording Theory; Head 


Design. A. S. Hoagland, University of Cal i 


56-696. 
tion. Howard Hamer, Electronic Associates 


Optimum Linear-Segment Function Genera- 


Basic Sciences—Semi- 
conductors 


9:00 a.m. 


CP.* Physics of Semiconductors. 
ersity of California 


Physics. V1 


Semiconductor Laboratories 


CP.* Transistor 


CP.* Junction 
Semiconductor La 


Transistors. 


oratories 


CP.* Application of ‘‘3-5’’ 
H. W. Henkels, West 


Compounds to Devices. 
nghouse | Corporatio 


9:00 a.m. Feedback Control Systems 
56-777. 


An Experimental Treatment of Nonlinear 
Servomechanisms. &. S. Ne ander, Ac 


General 
Corporation 
56-778. 


near Compensating 
Network Utal 


A Time Dependent Nonli 


J.C. Clegg, Univers { ah 


56-779 \ Method for Transient 
Analysis of Feedback Systems with One Nonlinear 


Element. 7. M. Stout, Ra -Wooldridge Corporation 


Step-by-Step 


56-640. 
Transient 
Asymptotes. G. A. Biernson, Massa setts | tute of 


A General Technique for Approximating 


Response from Frequency Response 


Technology 
9:00 a.m. Wire Communication Systems 


Where We Are and Where We Are Going in 
R. Huntley, American 


56-780 
Telephone Transmission. H 


Telephone and Telegraph Compan 


56-781. Transmission Rating of Telephone Sets. 
K ur trification 


§. Johnson, J. B. Eppes, Jr., Rural Ele 
Administration 
CP56-782. Pacific Coast Tool Transmission Network. 
W. L. Carter, R. L. Messner, Paci 


Telegraph Company 


Telephone and 


56-783. Telephone Carrier Frequency Networks. 


G. D. Wallenstein, Lenkurt Electric Company 


Influence of Noise on Telephone Signaling 
{. Weber, Bell Telephone 


56-784 
Circuit Performance. L 
Laboratories, Inc 

9:00 a.m. Nucleonics 

CP.* Progress in the Development and Design of 
the Dresden Nuclear Power Plant. J. 2. Walcott, 
General Electric Company 

CP.* Control and Instrumentation of the Dresden 
Nuclear Power Plant. £. P. Peabody, General Electric 


Company 


CP.* Description of the Pressurizer Water Reactor 
PWR) Power Plant at Shippingport, Pennsylvania 
a) Nuclear Power Generation, /. W’. Simpson, Westing- 
house Electric C« Turbine 
Generator Plant. R. B. Donworth, W J. Lyman, 
Duquesne Light Company c) Core Design lH 


Mandil, / Palladine 


rporati VM. Shau b 


CP.* Sodium Graphite Reactor 


North American Aviation 


Breeder 


CP.* A Developmental Fast 
Pp { Vb agner, 


Reactor. A. Amorosi, A. P. Donnell 
APDA 


Neutron 


2:00 p.m. Power Generation 
CP56-785. Hydroelectric Development on the North 
Fork of the Kings River W. R. Johnson, D. P. Dina- 


poli, J. B. Cooke, Pacific Gas and Elect Compa 


56-786. Electrical Features of the Sir Adam Beck- 
Niagara Generating Station #2, The Hydro Electric 
Power Commission of Ontario. W. E. Taylor, Hydro- 


Electric Power Commission of Onta 
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CP.* Single-Line Diagrams—Hydro Stations of 
Aluminum Company of Canada, Ltd. J. T. Madili, 
W. O. Codrington, Aluminum Company of Canada, Ltd 


CP.* Round-Table Discussion 
P. Smith 


Cloud Seeding. C 


2:00 p.m. The Place of Analogue Versus 
Digital Computers in the Solu- 


tion of Engineering Problems 


CP56-687. Analog Versus Digital Techniques for 
Engineering Design Problems. D. B. Breedon, West- 
inghouse Electric Corporation 


56-697. Numerical Integration of Differential Equa- 
tions on the 704 EDPM. H. H. Anderson, J. R. Johnson, 
International Business Machines, Inc. 


CP.* Factors Favoring an Analog Computer. R 
Favreau 


CP.* Some Relationships Between 
Digital Computers. 2. Hamming 


Analog and 


CP.* Panel discussion 


Basic Sciences and Solid-State 
Devices 


2:00 p.m. 


CP56-788. Two Simple Solid-State Analog Dividers. 
E. A. Sack, Pittsburgh, Pa. 


CP56-789. Discontinuous Transition Time Between 
Stable States in Ferroresonant Circuits, Sheldon 
Plotkin, University of California 


56-686. 
Circuit. 


Subharmonic Response of the Ferroresonant 
Egon Brenner, The City College of New York 


56-685. Computation of the Impedances of Non- 
uniform Lines by a Direct Method. L. A. Pipes, 
University of California 


CP56-683. 
Reactor. 


Series Circuit Incorporating a Nonlinear 
R. P. Evans, North American Aviation, Inc. 


2:00 p.m. Feedback Control Systems 


56-644. Discrete Compensation of Sampled-Data and 
Continuous Control Systems. &£. J. Jury, W. Schroeder, 
University of California 


56-790. Hidden Oscillations in Sampled-Data Con- 
trol Systems. £. /. Jury, University of California 
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DR. HANS MOTZ of 
Stanford University's 
Microwave _Labora- 
tory, which will be 
visited during the 
Meeting, adjusts the 
echelette spectrom- 
eter, a key part of the 
pie millimeter wave gen- 
oe AS eine erator he invented. 


Courtesy Stanford University 


56-791. Feedback Techniques Applied to the Single 
Phase Transformer. £. Mishkin, Polytechnic Institute 
f Brooklyn 


56-792. Envelope Transfer Function Analysis in A-C 
Servosystems. Marvin Panzer, Polytechnic Institute of 
Brooklyn 

CP56-793. Theory of A-C Servomechanisms. C. W 
Hewlett, Jr., General Electric Company 


2:00 p.m. Radio Communication Systems 


56-659. 
bility. 


Microwave Facilities with Built-In Relia- 
R. G. Kuck, The Pacific Telephone and Tele- 
graph Company 


56-698. Automatic Protection Switching for TD-2 
Radio System. G. H. Kiemm, Bell Telephone Labora- 
tories, Inc 


56-699. Microwave for Telephone Companies. W. 
C. Fisher, Lenkurt Electric Company, Inc. 


56-700. Southwest Oregon Radio System for Bonne- 
ville Power Administration. D. J. Marihart, Bonne- 
ville Power Administration; D. L. Wylie, Chicago, 
Milwaukee, St. Paul and Pacific Railroad Company 


2:00 p.m. Nucleonics 


CP.* General Purpose Electronic Areas for Nuclear 
Research. A. J. Stepeika 


CP.* The Problems of Making Major Repairs to 
Production Reactors. E. E. Weyerts, W. J. Dowis, 
General Electric Company 


CP.* The Westinghouse Testing Reactor. A. R. 
Jones, Westinghouse Electric Corporation 


CP.* The Belgian Thermal Reactor. R. L. Witzke. 
G. Tavernier, Westinghouse Electric Corporation 





(Continued from page 557) 


average of last three scores should also be 
registered with the Committee. Any golfers 
desiring noncompetitive golf on days other 
than June 26 should consult the Committee 
at the Sports Desk. 

Salmon Derby. Salmon fishing is generally 
excellent outside the Golden Gate during 


Institute Activities 


June, and whether you are an Izaak Walton 
or a rank neophyte, you will never be sorry 
you decided to take part in this AIEE Salmon 
Derby. Preparation is absolute minimum 
as all that is needed is to bring some warm 
loafing garb; everything else is provided, 
even the license if necessary. Of course, if 
you have some pet fishing gear you want to 
use, bring it along. 

The cabin power boats, accommodating 
6 to 10 persons each, are clean and comfort- 
able. Boat skippers are very helpful and 
will be glad to give full instructions to the 
lesser experienced on how to fish. Fishing 
tackle and bait, as well as a box lunch, will 
be furnished each person. 

A bus will leave from the Palace, St. 
Francis, or Fairmont hotels about 5:30 a.m., 
June 27, for the short trip across the Golden 
Gate Bridge to Sausalito, from where the 
“ATEE Fishing Fleet” will leave about 6:30 
a.m, for the salmon fishing grounds, The 
trip out under the impressive Golden Gate 
Bridge, with beautiful views of San Francisco 
in the background, will be long remembered. 

The fleet will return to Sausalito about 
2:30 p.m., each boat loaded to the gunnels 
(we hope) with salmon, and some could be 
50 pounders. Facilities will be available for 
packing your catch for shipment home or 
maybe you will want to mount the “big 
one” for your den. You should be back in 
San Francisco by 3:30 or 4:00 p.m. at the 
latest. 

In addition to impromptu “pots,” you 
will compete for special Derby prizes which 
will be awarded during the luncheon on 
Thursday. 

Plan now for this big AIEE Salmon 
Derby. Form your own party if you wish 
and ask the Committee to assign you your 
own boat. The Committee will do every- 
thing possible to group boat companions as 
desired. Check in promptly with the 
Sports Committee on arrival, but also it 
would be most helpful to the Committee 
if you would send in as soon as possible your 
advance registration card and indicate on it 
your intention to participate in the big 
Salmon Derby. Tickets, all inclusive, $15. 


General Information 


General information may be obtained at 
the registration desk. A table for mail and 
memoranda will be maintained and there 
will be a bulletin board for posting notices 
and messages. Information on inspection 
trips and entertainment features will also be 
displayed. 

Late June weather in San Francisco will 
probably be pleasantly cool. Fall-type 
clothing is recommended. 


Hotel Reservations 


Rooms have been set aside for members 
and their guests at these hotels: Fairmont 
(headquarters hotel), $10.50-19; Mark 
Hopkins, $10-20; Huntington, $8-15; 
Chancellor, $5.75-8.75; Plaza, $9-15; Hill- 
crest, $4-5.50; Alexander Hamilton (twin 
beds only), $10-12; Canterbury, $8-10; 
Cartwright, $7-8; and Cecil, $5-8.50. 
Rooms will be available in nine other hotels 
at prices of $6-10. Write for reservations to 
AIEE Hotels Committee, Box 4588, San 
Francisco 1, Calif. Be sure to make use of 
the hotel reservation sheet included with 
the mailed announcement concerning the 
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Summer and Pacific General Meeting. All 
reservations will be handled on a first-come 
first-served basis. 

Some motels are available in San Fran- 


IEE-AIEE Take Action 


cisco. A list of these and rates may be ob- 
tained by writing to: E. A. Nickelsen, 
California Pacific Utilities Company, 405 
Montgomery Street, San Francisco 4, Calif. 


To Waive Member Entrance Fees 


BY SIMILAR ACTION of the governing 
bodies of the two national organizations, 
Corporate Members of the Institution of 
Electrical Engineers of Great Britain (IEE) 
and the AIEE will, under certain condi- 
tions, be admitted to the other society with- 
out the payment of entrance fees. 


Corporate Members and Graduates of 
IEE who have taken up permanent resi- 
dence in the United States may, if applica- 
tion is made within 12 months of taking up 
such residence, be admitted to membership 
in AIEE, without the payment of entrance 
fees. Those already resident here are ex- 
tended the same privilege, provided applica- 
tion is made before June 1, 1957. The 
same arrangement has been made by the 
IEE for members of AIEE resident in Great 
Britain. 


The Bylaws of the AIEE, amended by 
the Board of Directors at its Meeting of 


April 3, 1956, now read as follows on the 
subject: 


‘‘A member of the Institution of Electrical Engineers 
(Great Britain), who is a Corporate Member or a Grad- 
uate in good standing, may apply for admission to an 
equivalent grade of membership in the American Insti- 
tute of Electrical Engineers; and without paying the re- 
quired entrance fees, provided the applicant has taken 
up permanent residence in the U.S.A., and makes appli- 
cation within twelve months following the established 
date of his permanent residence, or, if already a resident 
there, within twelve months of the appearance of this 
notice.” 


In the March 1956 issue of the Journal 
of the IEE, the corresponding action taken 
by that body is reported. It states that: 


**The following are the conditions under which the en- 
trance fee will be waived: 

‘On election to the Institution, if the applicant is a 
Fellow, Member or Associate Member of the American 
Institute of Electrical Engineers in good standing, per- 
manently resident in Great Britain, including Northern 
Ireland, the Isle of Man and the Channel Islands, and 
makes application within twelve months of his taking up 
residence in Great Britain or, if already resident there, 
within twelve months of the appearance of this notice’. ” 


South West District Meeting 
Establishes Record Attendance 


AN OUTSTANDING MEETING of the 
South West District was held in Dallas, Tex., 
April 2-4, 1956, establishing an all-time 
attendance record of 1,230 for district meet- 
ings. ‘The previous record of 900 was set by 
a Great Lakes Regional Meeting in Chicago, 
Ill., November 28-30, 1927. The success of 
the meeting may be attributed to a well- 
arranged program built around the theme, 
“Electricity in Aircraft,” combined with an 
exhibit of the latest airborne electrical appa- 
ratus, components, and support items. Eight 
technical sessions on aircraft were held to- 
gether with a number of sessions in the light 
and power field, several industrial sessions, 
and a management panel. The Student 
Branch Conference and prize paper competi- 
tion, a General Session, two luncheon meet- 
ings, inspection trips, a dinner-dance, and 
special entertainment arrangements for the 
ladies rounded out the program. 


Luncheon Meeting 


An important address setting off the meet- 
ing theme, “Research and Development 
Efforts in the U. S. Air Force,” was given 
by William Weitzen, Deputy Assistant 
Secretary, U. S. Air Force Research and 
Development Operations. The speaker out- 
lined necessary long-range planning, as well 
as the factors and regulations for which in- 
dustry should design, such as speeds that 
approach Mach 2.0 at higher altitudes, in 
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the light of the present engineering manpower 
and scientific personnel shortage. Full text 
of the address appears in this issue of Electrical 
Engineering, page 522. Past-President E. B. 
Robertson presided, and introduced L. E. 


Cooke, president Dallas Electric Club, who 
introduced the speaker. Mr. Weitzen re- 
ceived the Air Force Civilian Meritorious 
Award in 1954. 


General Session 

Feature of the General Session, which 
carried out the theme of the meeting, “‘Elec- 
tricity in Aircraft,” was an address by C, J. 
McCarthy, chairman of the board, Chance 
Vought Aircraft Inc., and president of the 
Institute of Aeronautical Sciences. Begin- 
ning with the early accomplishments of the 
Wright Brothers, Mr. McCarthy explained 
how modern fighter planes had become com- 
plex pieces of equipment. He stated that 
within the Dallas area there were four air- 
plane companies employing 750 electrical 
engineers. He predicted that the present 
trend toward increased use of electricity with 
new automatic stabilizer and servo systems 
would continue. The rapid rise and air 
speed would require vastly improved com- 
ponent designs. As systems must be serviced 
by unskilled people, it will be essential to 
make the systems simpler and free from faulty 
components. In conclusion, he stressed that 
industry must continue to maintain the air 
superiority of the United States by increasing 
intensity of research and development. 

Vice-President S. M. Sharp presided. 
After the Invocation service by Dr. Herbert 
Howard, the speaker was introduced by G 
L. MacGregor, president, Texas Utilities 
Company. 


Luncheon in Honor of Board of Directors 


On this auspicious occasion, President M. 
D. Hooven addressed the meeting on ““AIEE 
and Its Future.” He outlined the organiza- 
tion of the 50 technical committees and 250 
subcommittees in 6 broad divisions using the 
Committee on Air Transportation as a 
typical example. He also referred to the 
work of the general committees, the Sections, 
and the Student Branches, as well as the 
complex interrelationships with other organ- 
izations. The full text of the address was 
published in Electrical Engineering, May 1956, 
pages 405-7. Director P. G. Wallace 
presided and introduced the speaker 


Courtesy T. W. Collins 


IN CONVERSATION at the South West District Meeting (left to right), William Weitzen, Deputy Assistant 
Secretary, U. S. Air Force; Director P. G. Wallace; M.S. Coover, AIEE president-elect; and E. B. Robert- 


son, AIEE past-president 
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Courtesy T. W. Collins 


THE MANAGEMENT PANEL at the South West District Meeting (left to right) W. N. Estel, director of per- 
sonnel; A. C. Polk, vice-president and general manager; and J. G. Staudt, executive vice-president, all of 
Dowell Inc; R. D. Ledbetter, who presided; W. W. Lynch, moderator and president of Texas Power and 
Light Company; and H. H. Race, consultant manager, Development Education, General Electric Company. 


Student Branch Conference 


The District 7 Student Branch Conference 
was held during the meeting with the Joint 
Student Branch at Southern Methodist 
University (SMU) acting as host. Students 


presented 17 papers from as many different 
H. C. Baker, out- 
going chairman, SMU Joint Student Branch, 
Allan Meinstein 
present chairman, presided at the second, and 
D. C. Donohoe, secretary, presided at the 


schools, in three sessions. 


presided at the first session. 


third session. Some of the many excellent 
presentations were accompanied by demon- 
strations. After a close contest, the judges 
announced the winner to be W. F. Osborn of 
lexas A and M College, for his paper ‘“‘A 
Compact Operational Amplifier Designed for 
T'able Model Computer.”” The 


award is even more significant because Mr. 


Use in a 


Osborn was a veteran who built the opera- 
tional amplifier economically, with his own 
money. The following papers received honor- 
ible mention: “The Displacement Log—A 
New Exploratory Tool for the Oil Industry,”’ 
H. C. Baker, SMU; and “An Automatic 


Ballistic Cameras,’ T. W. H. 
Mexico College of A and M 


Shutter for 
Caffey, New 
Arts. 

On Tuesday morning, a breakfast meeting 
for the counsellors of District 7 was held 
in the Adolphus Hotel. There was also a 
breakfast meeting for Student Branch 
chairmen. In the afternoon, an informal 
tea-dance took place in the Umphrey Lee 
Student Center on the SMU campus. 


Aircraft Technical Sessions 


Eight aircraft technical sessions were held, 
including one evening session when 35 papers 
sponsored by the Air Transportation Com- 
mittee presented. Subject matter, 
covering the whole field of aircraft electrical 


were 


design and applications problems, included 
generators, their parallel operation; defini- 
tions for voltage modulation characteristics in 
380 to 480 cps systems; reactive load division ; 
and selective protection, as well as fre- 
modulation and load division in- 
alternator 400 


quency 


stability in cycle 


parallel 


systems. In electronics, the subjects dis- 


AIEE President M. D. 
Hooven (left); William 
Weitzen, speaker at 
the General Session 
(center) and George 
A. Smith, Jr., General 
chairman (right) re- 
laxing between ses- 
sions at the South 
West District Meeting, 
Courtesy T. W. Collins 
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cussed were transistor circuits and transistor 
applications, design of integrated electronics 
systems, power supplies, cold cathode triodes 
and timing circuits, and application of wired 
television to augment and extend human 
vision. In another session, electronic equip- 
ment environmental design was considered 
relative to vibration and shock, control in 
high performance aircraft, and an effective 
method of forced air cooling. Other sessions 
presented papers about storage batteries and 
ground power supply, its precise control; 
and design and development of a new silicon 
rectifier d-c power supply; feedback control 
and reliability; testing for specification 
compliance; production testing of a-c power 
systems after installation; and analyzing 
missile electrical system reliability. 


Power Sessions 


At 7 power sessions 20 papers were pre- 
sented. A session on communications super- 
visory control was of considerable interest to 
power people. Subjects included were 
power generation in which the large electrical 
manufacturers presented papers on nuclear 
power, recent advances in turbine and gen- 
erator design, and trend and development in 
large turbine-generators. In a session on 
power transmission, lighting protection of H- 
frame transmission lines using one expulsion 
protected tube per structure was presented. 
A unique design for 230-kv wood pole con- 
struction, and the calculations of mutual 
sequence impedances of parallel transmission 
lines were also outlined. In distribution, 
two sessions dealt with splicing and ter- 
minating power cables, capacitor switching, 
load characteristics and their effects on dis- 
tribution system design, connector perform- 
ance, and fuse protection of high voltage 
transformers. In a session on distribution 
and substations, a panel of experts from sev- 
eral power and light companies and electrical 
manufacturers presented their viewpoints 
and discussed items to be taken into con- 
sideration in the use of distribution lightning 
arresters. In a session on switchgear, the 
use and tests of a new vacuum switch for 
power systems for the switching of capacitor 
banks and the interruption of charging cur- 
rents was described. The design of new 
braidless side-break switches was also de- 
tailed. Papers in the session on communica- 
tions and supervisory control which were of 
interest to power people, treated a portable 
VHF radio system for 
munications, the 


emergency 
need to simplify 
communications, and the 


com- 
utility 
method 
utilized to remote control unattended pump 
stations of the Great Lakes Pipe Line Com- 
pany. 


radio 


Industrial and Chemical Sessions 


In these sessions, 10 papers presented a 
variety of problems such as inspection of 
petrochemical plant construction, high volt- 
age d-c testing of cables and fault locations; 
electrical 
A and B, 


hazardous locations; expansion of electrical 


corona in metal-clad switchgear; 
installations in Class I, Groups 


facilities; problems of power supply and 
purchased power in chemical plants; and 
motor control and insulation developments 


in the chemical industry. 


Management Session 


The problems of management were pre- 
sented by three officers of Dowell, Inc., and 
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Dr. H. H. Race, consultant manager, De- 
velopment Education, General Electric Com- 
pany. R. D, Ledbetter presided and W. W. 
Lynch, president, Texas Power and Light 
Company, acted as moderator. 

The complexity and extensiveness of opera- 
tions in Dowell, Inc., which is engaged in 
fracturing and gassifying to stimulate produc- 
tion of oil wells, was outlined by J. G. Staudt, 
executive vice-president. The second 
speaker on the panel was A. C. Polk, vice 
president and general manager, who ex- 
plained how the corporation handled the 
problem of management through organiza- 
tion to meet the general objective of perform- 
ing services and selling products. The third 
speaker, W. N. Estel, director of personnel, 
stated the value and importance of giving 
men creative dynamic responsibilities in 
which they can grow. The psychological 
tests employed are not infallable but they 
provide a good guide. Information is 
recorded so that people can improve them- 
selves. With respect to the type of interviews 
the qualities looked for were general initia- 
tive, interests, motives, suitability to the 
organization, and possibility of advancement. 

“Bedrock Foundations for Manager De- 
velopment” were outlined in six phases—in- 
dividuality, opportunity for personal growth, 
attention focussed on the man, attention 
focussed on the work and the business enter- 
prise as a dynamic integrative unity, in an 
address by Dr. H. H. Race, General Electric 
Company. The full text of this article ap- 
pears on page 534 of this issue of Electrical 
Engineering. 

Entertainment 

On Monday, April 2, a reception was given 
at the Baker Hotel, which afforded an oppor- 
tunity to get acquainted, and was conducted 
by George Pingree, chairman of the Recep- 
tion Committee. 

Tuesday evening, a large number of mem- 
bers and guests attended the dinner-dance in 
the Terrace Room of the Baker Hotel. 
Music by an outstanding orchestra was en- 
joyed as well as a floor show. 

During the meeting, the ladies were kept 
busy with a program arranged by Mrs. E. C. 
Thompson, chairman of the Ladies Com- 
mittee. A suite was maintained for informal 
gatherings. Coffee was served each morning 
at which time a door prize was given. Mon- 
day morning, a get-acquainted coffee gather- 
ing was held in one of the ballrooms of the 
new Statler-Hilton Hotel. Tuesday morn- 
ing, a brunch and fashion show took place in 
the Zodiac Room at Neiman-Marcus Depart- 
ment Store. Wednesday morning, the ladies 
went by bus to the Dallas Athletic Country 
Club for a book review and luncheon. 
Door prizes and individual favors were given 
at this function. In the afternoon, a tour of 
Dallas was taken in chartered busses. 


Inspection Trips 

Inspection trips were arranged to the Bell 
Aircraft Corporation, where the Model 47 
Helicopter, used extensively by all branches 
of the services, is made. The Chance Vought 
Aircraft Company’s plant was also visited. 
The Navy has recently granted this com- 
pany a large contract to produce the F8U-7 
jet Crusader. Another trip was taken to 
Texas Instruments, Inc., which is_ well 
known for the development and production 
of transistors and other electronic components 
such as transformers, resistors, and capacitors. 

A trip was also taken to the Parkdale Power 
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EXHIBIT ENTRANCE, an actual airplane door, shows Jo Ann Johannsen and Patty Raffety, hostesses, who 
served visitors coffee and cookies on opening day, with Bill McClung, electrical engineer, and John 
Logan, city sales, all of Braniff International Airways, Dallas, Tex. 


Plant of the Dallas Power and Light Com- 
pany, which is a modern outdoor type of 
plant with 202,000 kw capacity. Construc- 
tion of a third unit of 125,000 kw is well under 
way. Other points of inspection were Haskill 
Avenue Toll Center of the Southwest Bell 
Telephone Company and the Republic 
National Bank Building. 


Exhibits 


In keeping with the theme of the meeting, 
60 exhibits, which proved very popular, were 
displayed on the Exhibition Floor of the 
Baker Hotel adjacent to the meeting rooms. 
Some 43 companies from New England to 


+ 
’ 


t a 
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A PORTION of the aircraft exhibition floor. 


California displayed the latest air-borne 
electrical apparatus, components, and sup- 
port items. A number of the exhibitors were 
well pleased because those attending could 
ask intelligent questions about the displayed 
products. The concensus was that the ex- 
hibitions contributed greatly to the success of 
the meeting and the outstanding attendance. 
The following is a list of the exhibitors: 


General Electric Company, Dallas, Tex, 


Micro-Switch Division, Minneapolis-Honeyweil Regu- 
lator Company, Waterbury, Conn. 


Cline Electric Manufacturing Company, Chi 


Burndy Engineering Company, Norwalk, Cor 


Courtesy T 


Among the many items of aircraft equipment exhibited 


were generators, motors, constant speed drives, switches, fuses, radio equipment, weather mapping 


radar, and lighting equipment. 
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Collins Radio Company, Dallas, Tex. 

Grimes Manufacturing Company, Urbana, Ohio 
Sundstrand Machine Tool Company, Rockford, IIL 
Sprague Electric Company, North Adams, Mass. 
Earl Lipscomb Associates, Dallas, Tex. 

Federal Telephone and Radio Company, Clifton, N. J 
Cutler Hammer Incorporated, Dallas, Tex. 

The Garrett Corporation, Los Angeles, Calif 
Westinghouse Electric Corporation, Pittsburgh, Pa. 
Wright Industrial Products, Dallas, Tex. 


Spencer Thermostat Division, Metals and Controls 
Corporation, Attleboro, Mass 


Aircraft Marine Products, Inc., Harrisburg, Pa 
Micro-Pak Power Division, American Machine and 
Foundry Company, Colorado Springs, Colo 


Turbo Engineering Division, American Machine and 


Foundary Company, Pacoima, Calif. 


Leland Electric Company Division, American Machine 
and Foundary Company, Dayton, Ohio 

Potter and Brumfield Division, American Machine and 
Foundry Company, Princeton, Ind 

Chathan Electronics 

Livingston, N. J 


Division, Gera Corporation, 


George E. Harris and Co., In 
Surprenant Manufacturing C oston, Mass 


Thomson Engineering Service, Fort th, Tex., agent 


for 


Wesco Plastic Products, Venice, Calif. 
Dakota Plastics Company, Compton, Calif. 


Electro Mechanic Specialties Company, Los Angeles, 
Calif 


Spectrol Electronics Division, Carrier Corporation, San 
Gabriel, Calif 

Mason Electric Corporation, Los Angeles, Cali 

Control Products, Inc., Harrison, N. J 

a Park, Calif 


Viking Electric Company, Canog 


McColpin-Christie Corporation, Los Angeles, Calif. 
Barber-Colman Company, Rockford, Ill. 

Mycalex Corporation of America, Clifton, N. J. 
Haydon Switch, Inc., Waterbury, Conn. 

The A. W. Haydon Company, Waterbury, Conn. 
Engineering Associates, Inc,, Fort Worth, Tex. 


International Electronic Research Corporation, Bur- 
bank, Calif. 


Mag-Electric Products, Inc., Division National Aircraft 
Corporation, Hawthorne, Calif. 


San Fernando Electric Manufacturing Company, 


San Fernando, Calif. 


North American Phillips Company, Mount Vernon, 


Jack and Heintz, Inc., Cleveland, Ohio 
The Superior Electric Company, Bristol, Conn. 


Leach Relay Company Division, Leach Corporation, 
Los Angeles, Calif. 


Fort Wayne Host to 


G. M, Giannini and Company, Inc., Pasadena, Calif. 
Beech Aircraft Corporation, Wichita, Kans. 


Cole Electric Company, Culver City, Calif. 


Committees 


Officers, and chairmen, and vice-chairmen 
of the committees which made the arrange- 
ments were as follows: S. M. Sharp; G. A. 
Smith, Jr.; P. S. Neblatt; O. S. Hockaday; 
John Hutchison; E. B. Robertson; C. A. 
Maas; J. B. Robuck; J. L. Pratt; P. G. 
Wallace; Felix Quirino; G. A. Dyer; 
Wendell Fowler; R. D. Ledbetter; J. R. 
Duff; J. C. Bibbs; H. L. Reynolds; C, F. 
Crandall; E. C. Wise; Curtis Musgrove; 
L. J. Blaize; E. W. Rogers; Mrs. E. C. 
Thompson; R. T. Martin; F. W. Tatum; 
Floyd McKenna; John Sandlin; and 
George Pingree. 


Great Lakes District Meeting 


THE FORT WAYNE SECTION was host 
to over 500 AIEE members, students, and 
guests at the Great Lakes District Meeting 
held at the Van Orman Hotel in Fort 
Wayne, Ind., April 16-18, 1956. 

In addition to the General Session, there 
were 17 technical sessions held during the 3- 
day meeting. Luncheon addresses were 
presented by M. S. Coover, AIEE presiden- 
tial nominee; M. D. Hooven, AIEE presi- 
dent; and Capt. Pierre Boucheron, U. S. 
Navy (Ret.). 





Hazleton, Pa., Division Meeting 


THE HAZLETON, PA., Division Meeting of the AIEE Lehigh Valley Section was held on April 13, 1956, 


at Genetti'’s Restaurant, Hazleton. 
Aspects of Atomic Power.” 


C. T. Pearce, District 2 vice-president, gave an address on “Some 
Some Members attending the meeting were: 


(left to right) W. F. Mac- 


Kenzie, AIEE Meetings and Papers Committee, Hazleton; C. A. Yanuzzi, underground System Engineer, 
PP and L Company, Allentown, Pa.; A. W. Plonsky, professor, University of Scranton, Scranton, Pa.; 


and S. S. Lesh, PP and L Company field test supervisor, AIEE Fellowship Committee. 
trical equipment shown on the table are at least 60 years old. 


All items of elec- 


They are: (left to right) bi-polar fan, 


bi-polar motor, station ammeter, hot wire ammeter, street light ammeter, cycle counter, hot wire volt- 


meter, Weston standard voltmeter, and bi-polar fan. 


900 


Institute Activities 


_to the members. 


Inspection trips were made to the Sorensen 
Station of the Indiana and Michigan Electric 
Company at Roanoke, Ind.; to the Inca 
Manufacturing Division and Indiana Rod 
and Wire Division of the Phelps-Dodge 
Copper Products Corporation; the General 
Electric Sound Laboratory; and the Inter- 
national Harvester Company Motor Truck 
Division. 

Activities for the ladies included sightseeing 
tours and a tour of WKJG television studios, 
followed by a “Style Tea” at Wolf and 
Dessaurs, Fort Wayne’s leading department 
store. 


General Session 


C, M, Summers, vice-president of District 
5, presided at the General Session Monday 
morning. Following the Invocation by 
Rev. Phillip Fusco of the Fort Wayne 
Cathedral, R. E. Meyers, mayor of Fort 
Wayne, presented a short welcoming message 
Mr, Summers then intro- 
duced M. J. Carroccio, general chairman of 
the District Meeting. Committee; D. J. 
Wartozk, chairman, Fort Wayne Section 
AIEE; M. D. Hooven, AIEE president; and 
N. S. Hibshman, AIEE secretary. 

In the keynote address “Engineering 
Futures Unlimited,” T. G. LeClair, AIEE 
past-president, discussed the increasing op- 
portunities for engineers primarily from the 
point of view of advances in the fields of 
automation and nuclear energy. (The text 
of the address appears on page 501 of this 
issue of Electrical Engineering.) 


Technical Sessions 


At the various technical sessions, 68 papers 
were presented. Four sessions each were 
devoted to rotating machinery and power, 
three each to electronics and to transformers 
and stationary equipment, two to magnet 
wire and insulation materials, and one to 
professional development, 

In the professional development session, 
G. E. Moore of the Westinghouse Electric 
Corporation presented “Industry Views the 
Electrical Engineering Curriculum,”? which 
states that an “optimum” undergraduate 
curriculum, in keeping with the objectives 
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MEETING 
HIGHLIGHTS 


Top: C. M, Summers, vice-president Great Lakes District, welcomes M. D. 
Hooven (center), AIEE president, as (left to right) V. J. Warnock, Indiana and 
Michigan Electric Company; N. S. Hibshman, AIEE secretary; M. S. Coover, 
AIEE presidential nominee; J, Carroccio, general chairman of the Meeting; 
and Prof. E. T. B. Gross, Illinois Institute of Technology, look on. 


of any given institution, must represent a 
compromise between “breadth” and 
“depth.” 

A paper presented by A. H. Spalding of 
Purdue University discussed some of the 
desirable qualities for those entering engi- 
neering colleges. Included are a proper 
standard of values, the ability of self- 
appraisal, an intense interest and desire for 
learning, an imaginative ability, and flexi- 
bility. 

At one of the power sessions, M. A. 
Schultz of Westinghouse described the 
nuclear testing reactor being constructed by 
Westinghouse in Waltz Mill, southeast of 
Pittsburgh, Pa. This 20-mw reactor will 
provide a versatile facility for irradiation 
experiments that can be conducted under 
conditions of high flux, high temperature, 
and high pressure. 

Another interesting power paper was 
“Load Characteristics and Their Effect on 
Distribution System Design” by H. E. 
Campbell of the General Electric Company. 
It was demonstrated that residence load 
characteristics established years ago are far 
from adequate for today’s needs, in view of 
the increased use of home freezers, water 
heaters, air conditioners, and other major 
appliances, 

A paper covering “‘hot-stick” maintenance 
of 330-kv lines was presented by H. T. 
Molden of Indiana and Michigan Electric 
Company in conjunction with an excellent 
color film showing linemen making repairs 
on the activated lines. 

Several interesting papers were given at 
the sessions on electronics. “Glass in Elec- 
tronics” by W. H. McKnight of Corning 
Glass Works described many of the new uses 
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ADVANCE 
REGISTRATION 


Below left: 


being made of glass in the electronic com- 
ponents field. Among these applications are 
precision parts, resistors, precision potenti- 
ometers, shields, coil forms, and capacitors. 

W. D. Penn of Texas Instruments, Inc., 
presented a paper on high-frequency silicon 
transistor amplifiers. The methods used to 
compute power gain from measured tran- 
sistor parameters were discussed together 
with the experimental verification of the 
resuits, 

A paper, by R. W. Hall and R. N. Mce- 
Knight of Phelps-Dodge Copper Products 
Corp., presented at a magnet wire and insu- 
lation materials session, described a new 
insulating material known as “daglas,” 
practical for extremely high temperature 
operations. It is a combination of dacron 
and glass, fused together in manufacture and 
covered with silicon varnish. 

“The Use of Aluminum in Dry-Type 
Specialty Transformers,” by B. C. Biega of 
General Electric, was given at one of the 
sessions on transformers and _ stationary 


equipment. The paper deals with the 


Great Lakes 


District Meeting 


Members inspecting the General Electric Sound Laboratory during one of the 
two trips made to this Laboratory. 
right) Mr. Hooven; R. D. Jones, Advisory Committee; Mr. Warnock; Mr. 
Carroccio; J. M. Dills, Reservation and Registration Committee; R. H. Johnson, 
General Electric Company; and Anita Akers 


Below right: At registration desk (left to 


problems and economics involved in the sub- 
stitution of aluminum for copper in the 
transformer windings and terminal struc- 
tures. The rapid increase in copper prices 
during the past year has been responsible for 
the emphasis on conversion to aluminum at 
this time. 

Another interesting transformer paper was 
presented by Glenn Walters of 
Electric concerning the application of a 


General 


digital computer in the design of small trans- 
formers. In the specific line of transformers 
considered, it was estimated that 10 to 20 
per cent of the design time was saved through 
use of the computer. 

'n one of the rotating machinery sessions, 
two papers by engineers of the A. O. Smith 
Corporation were presented describing a 
speed-torque curve tracer which displays an 
instantaneous plot of the speed-torque char- 
acteristic curve of a motor during acceler- 
ation or deceleration. The first, by Alex 
Paalu, is concerned with the indicator unit; 
the second, by K. J. Waldschmitt and H. P. 
Boettcher, covers applications and result 


AIEE Board of Directors 
Meeting Held in Dallas, Tex. 


NINETEEN MAJOR TOPICS involving 
40 items of business were considered at the 
meeting of the AIEE Board of Directors, held 
in Dallas, Tex., April 3, 1956. The follow- 
ing is an outline of some of the more im- 
portant actions of the Board which are of 


Institute Activities 


immediate interest to the members of the 
Institute. Some of the topics discussed and 
acted upon by the Board are reported in 
greater detail elsewhere in this issue of 
Electrical Engineering. 

Of the 27 


members of the Board, 24 were 


56 





present for the all-day session in the middle 
of the South West District Meeting. A 
District Meeting Luncheon was 
honor of the Board at 
Hooven made his principal address. 


held in 
President 
The 
Board was also entertained by the officers of 


which 


the Texas Power and Light Company whose 
facilities were used for the Board meeting. 
By formal resolution, the Board expressed its 
appreciation for all this hospitality, and its 
congratulations to District No. 7 on an out- 
standing meeting with a record registration 
(about 1,300), and on the pioneering of an 
exhibit as part of an AIEE meeting 


Membership 


Additions to the membership were ap- 
proved as follows: 9 Fellows, 153 Members, 
567 Associate Members, 66 Affiliates, 749 
Students. Biographical sketches of the 
newly elected Fellows appear in this issue. 

rhe Constitution provides for the crediting 
of the record of a candidate for Fellow grade 
with years of membership in a cognate 
society in a grade equivalent to Member of 
AIEE. A number of foreign societies do not 
have membership grades. A_ resolution 
recommended by the Board of Examiners 
was approved as follows: 


RESOLVED, that in the case of foreigr. societies having 
no membership grade equivalent to ow: Member grade, 
the Board of Examiners is not exceeding the intent of the 
Constitution by interpreting responsible positions in such 
societies, or honors, to be the equivalent of different 
grades of membership i that the Board of Examiners 
in lieu of written qualifications for such positions or 
honors may accept instead the experience of the appli- 
cant or nominee on the date involved where such ex- 
perience is equivalent to that required for our Member 


grade a8 a minimum, 


Finances 


I'he treasurer reported a balance in the 
General Fund as of February 29, 1956, of 


$321,922, as compared with $148,006 at the 
end of February 1955. The latter figure 
included $100,000 transferred from the 
reserve capital fund during February 1955. 

During the depression of the 1930’s AIEE 
provided an “exchange allowance’ for 
foreign members which in most cases took 
the form of a 40 per cent discount on their 
membership dues. This has been continued 
ever since that time. On the basis of a 
report from an expert consultant, and the 
fact that no other major American engineer- 
ing society allows such a discount, the Board 
voted to discontinue the practice, effective 
May 1, 1956. 

The 1956-57 Budget was approved as pre- 
sented by the Finance Committee, This budg- 
et calls for the expenditure of $1,636,500, 
including $35,969 to be “transferred to 
reserves.” Income from dues and fees is 
estimated at $843,500. The largest item of 
expenditure is for publications, $790,051. 
An appropriation of $49,750 was approved 
for Public Relations. 


Constitution and Bylaws 


The Board of Directors approved amend- 
ments to the Constitution and Bylaws as 
follows: (C-means Constitution section, for 
vote by the membership in the spring of 1957; 
and B-means Bylaw section. ) 


B-71 To establish a sixth Technical Division to be 
known as the Instrumentation Division. This will be 
formed by the expansion of the present Committee on 
Instruments and Measurements 

B-16 As reported on page 290 of the March 1956 
issue of Electrical Engineering, the Board approved the 
elimination of entrance fees for Corporate members and 
Graduates of the Institution of Electrical Engineers 
British (See page 563 
of this issue of Electrical Engineering for details.) 

C-56 and B-55 
to be made to the Constitution and Bylaws for the pur- 
pose of authorizing ‘‘Overseas Chapters” of AIEE, 


, who reside in the United States 


Extensive revisions and additions are 





Cleveland Section Banquet Committee 


AIEE CLEVELAND SECTION banquet committee planning the 1956 Annual Cleveland Section Dinner 
Meeting. Elmer Lindseth, president of the Cleveland Electric Illuminating Company, was banquet speaker. 


The title of his address was “Electrical Living 20 Years from Now.’ 


568 


Institute Activities 


These organizations are to be largely informal, without 
vote or financial obligation, Otherwise they will 
follow the pattern of Section organization and activity 
They will be recognized as part of the Institute organiza- 
tion and will be under the administration of District No 


C-34, 35, and B-28 were revised to simplify the pro- 
cedure of organizing the Committee of Tellers and to 
reduce the burden of their work in the event that the 
balloting for officers involves ‘‘no contest.” 


Final approval was given to the amend- 
ment by Bylaw 53 providing that total 
Section allotments wil] henceforth be paid by 
one check in October. As previously ex- 
plained, financial reports from the Sections 
are no longer required and the previous 
provision calling for the reduction of allot- 
ments by the amount of unexpended bal- 
ances in the Section treasuries has 
deleted from the Bylaws. 

The Chairman of the Committee on Con- 
stitution and Bylaws proposed, and the 
Board approved, the eventual rewriting of 
the Constitution and Bylaws in “handbook 
style.” Amendments, revisions, and addi- 
tions to the Constitution and Bylaws will, 
insofar as feasible, be written in this new 
format pending the re-editing of the com- 
plete documents. 


been 


Organization 


The Committee on Planning and Co- 
ordination (P and C) presented broad 
recommendations for the extension of the 
Institute’s activities and for the revision of 
its policy-making and administrative organ- 
ization. A. J. Bergfeld of the firm of 
Stevenson, Jordan and Inc., 
management engineers, discussed at length 
his firm’s report, previously distributed to 
the Board, and answered questions of the 
Board members. The Board then _pro- 
ceeded to take the following steps in the 
direction of implementing the recommenda- 
tions of the consultants and the P and C 
Committee: 


Harrison, 


RESOLVED that, 


(1) A program for the further development of Technical 
Groups be approved, and that appropriate channels be 
provided in the organization of the Sections, Districts, 
and Administrative Committees of the Institute for their 
establishment and management; and in the organiza- 
tion of the Technical Committees and Divisions for their 
technical servicing. 


(2) That the necessary steps be taken to provide for the 
Board of Directors the opportunity to concentrate its 
attention on the making and development of Institute 
policy, by delegating responsibility and authority for 
administration and operation to suitably constituted 
committees. 


Technical Activities 


On recommendation of the Committee on 
Technical Operations (CTO), the Board 
approved the participation of the AIEE in a 
proposed Nuclear Congress to be held in 
Philadelphia, Pa., March 10-16, 1957, under 
the general sponsorship of Engineers Joint 
Council and with participation by all 
engineering and scientific bodies able to 
make a contribution to the program. This 
is to be organized and operated on the 
general lines of, and in the light of the ex- 
perience with, the Nuclear Congress held in 
Cleveland during December 1955, 

Funds were authorized in the Budget for a 
survey of the needs and desires of the mem- 
bers, and the opinions of technical commit- 
teemen, past and present, relative to the 
technical activities of the 
Institute. 

The Committee on Technical Operations 
reported that a special meeting will be held 


program and 
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between the Fall and Winter Meetings for 
the purpose of presenting papers on the new 
Transatlantic Submarine Cable. The In- 
stitution of Electrical Engineers in London 
and the Engineering Institute of Canada in 
Montreal, Canada, are to hold 
simultaneous meetings on the same subject. 

The CTO also announced the formation 
of a new Joint Division Committee on 
Automation and Integrated Data Processing. 


Que., 


Sections and Branches 


The Sections Committee recommended, 
and the Board approved, the following By- 
law revisions: 


B-46 to provide that a minimum of 15 members must 


be included in a part of a Section territory before it shall 
be recognized as a Subsection and that no allotment shall 
be paid for a Subsection the membership of which has 
fallen below 10 or which has held less than 4 meetings 
in the fiscal year. 


B-49 to raise the minimum Section membership from 


30 to 40. Other provisions to remain the same 


The Board 
necessary appropriation for the production 
of a Section Operations Manual. ‘This 
document, as prepared by Director R. E. 
Kistler of Seattle, Wash., is now in the proc- 
ess of revision and editing by the Sections 
Committee. It is hoped that it will be 
ready for distribution at the Delegates Con- 
ference at San Francisco, Calif 

Approval was given to the establishment 
of an Affiliate Branch at the University of 


Buffalo, Buffalo, N. Y. 


approved and made the 


New Building 
The Special Task Committee of 15 repre- 
sentatives of the Five Societies, for the selec- 
tion of a site for the proposed new Engineer- 
ing Societies Center 
progress and expressed the expectation of 


Building, reported 


having a report ready before the first of July. 


Two Student Engineers 
Awarded Fortescue Fellowships 


The award of Charles LeGeyt Fortescue 
Fellowships to two young electrical engineers 
has been announced by N. S. Hibshman, 
secretary of the AIEE. G. E. Moore, of 
Pittsburgh Pa., is chairman of the com- 
mittee administering the award for the 
Institute 

[he fellowships, which $2,000 
each for graduate study, were made to 
Daniel F. Fox, Jr., 25, of 471 Robinson 
Court, Pittsburgh, Pa., and Kenneth F. 
Steffan, 21, of Poplar Bluff, Mo. 

Mr. Fox is a student at the University of 
Pittsburgh, where he expects to receive his 


provide 


degree of bachelor of science in electrical 
engineering in June 1956. 

Mr. Steffan is a senior at the Missouri 
School of Mines, majoring in electrical en- 
gineering 

The fellowship was established in 1939 by 
Manufac- 
turing Company (now Westinghouse Elec- 


the Westinghouse Electric and 
tric Corporation) as a memorial to Charles 
LeGeyt Fortescue for his contributions to 
the electric power industry 

Dr. Fortescue, who was graduated from 
Queens University, Kingston, Ont., Canada, 
as the university’s first electrical engineer 
in 1898, received 185 patents on electrical 
career with 


inventions during his 38-year 


Westinghouse. 


June 1956 


Mr. Fox has an outstanding scholastic 
record, standing first in his class of 50, with a 
quality point average of 2.933 out of a pos- 
sible 3.000. He was graduated from the 
U. S. Navy Instructor 
January 16, 


[raining School on 
1953, standing first in a class 
of 12; and from the l 
(Training Devices Specialist 


S. Navy Tradesman 
in 1952, stand- 
ing first in a class of 22 He attended 
Marquette University from September 1949 
to March 1950. 

His extracurricular include a 
as assistant for the Mellon Institute 
of Industrial Research, 
sistant for the University of Pittsburgh Radi- 
Atomik 
Electric 
Corporation, and machine operator of the 
National Works of the U. S. Steel Company 

He is an active student member of the 
ATEE, the Institute of Radio Engineers, and 
He is 
also a member of Eta Kappa Nu, Sigma 


activities 
summer 


undergraduate as- 


ation Laboratory, technician for the 


Power Division of Westinghouse 


the Instrument Society of America. 


Tau, and other fraternities He has re- 
Award for 


February 1956 and the University of Pitts- 


ceived the Outstanding Senior 
burgh ‘“‘E”? Award, given to an engineering 
student sponsored by the University to work 
in Europe during the summer 

Mr. Steffan is a native of St. Louis, Mo 
He was valedictorian of the graduating 
class of Poplar Bluff High School in 1952 
He was an assistant operator for the Missouri 


K. F. Steffan 


1952 before entering the Missouri School of 
Mines (MSM). During the 
1953 and 1954 he was ag 
the Missouri Utilities ( 
Bluff 
the Sperry Gyroscope 

Neck, N. Y., as an engines 


search and development group engaged 


Utilities Company during the summer of 


summers of 
ain employed by 
ompany at Popular 
Last Summer was employed by 
Company, Great 
ring aide in a re- 
the development of traveling-wave 
and general microwave research He 
been elected to membership in Sigm 
Sigma, Eta Kappa Nu, Tau Beta Pi, ar 
Phi Kappa Phi. At present he holds th 
MSN 
Radio Club He received the sophomore 


position of station manager of the 


physics achievement award and has held tl 
Schlumberger collegiate award for t 


two years 


EJC Annual 
Report Published 


The 1955 Annual Report of the Engineers 
Joint Council (EJC as been published 
EJC, which was created in 1952, is made up 
ATE! 

American Society of ¢ Amer- 
ican Institute of Mining and Metallurgical 
American Society of Mechanical 


Engineers, American Water Works Associa- 


of the following constituent societies 


vil Engineers 


Engineers, 





56-30 

56-207 A Single-Transistor 

Schiewe 

56-229 
quency Triplers. Vi 

56-276 

56-440 
R. D. Jessee, P. F. Boggess 


tance to: 





Conference Papers Open for Discussion 


Conference papers listed below have been accepted for AIEE Transactions and are 
now open for written discussion until June 26. 
written copies of each discussion should be sent to Edward C. Day, Assistant Secre- 
tary for Technical Papers, American Institute of Electrical Engineers, 33 West 39th 
Street, New York 18, N. Y., on or before June 26 


The Pulse Stretch Coupling Circuit. H. W 


Magnetic-Coupled Oscillator. 


Magnetic Frequency Multipliers and Their Rating. 
VUicMurray 


Temperature Stabilization of Transistor Amplifiers. L. \/. | 


Negative Sequency Voltage Detection on Aircraft A-C Electric Systems 


Preprints may be purchased at 40¢ each to members, 80¢ each to nonmembers 
Please order by number and send remit- 
AIEE Order Department, 33 West 39th Street, New York 38, N. Y. 


accompanied by remittance or coupons. 


Duplicate double-spaced type- 


Patton 


is 











ORGANIZING COMMITTEE of the Merrimack Valley Subsection, Lawrence, Mass., (seated left to right) 


L. C. Jutras, New England Power Service Company; 
C. E. Chapman, Lawrence Electric Company; 


Cleary, Western Electric Company; 


P, Chontian, Western Electric Company; C. N. 
G. Frost, Lawrence 


Electric Company; R. V. Bowser, New England Power Service Company; (standing left to right) M. Manzi 
Jr., Manzi Electrical Corporation; A. P. Manzi, Manzi Electrical Corporation; R. N. Campaigne, Western 


Electric Company; 
Allen, Lawrence Electric Company; 


F. R. Stansel, Bell Laboratories; W. J. Eckel, New England Power Company; R. W. 
R. W. Smith, Lowell Electric Light Corporation; 


P. D. Black, New 


England Power Service Company; and K. E. Gordon, New England Power Service Company. 


tion, Society of Naval Architects and Marine 
Engineers, American Society for Engineering 
Education, American Society of Refrigerat- 
American Institute 
of Chemical Engineers. The Annual Report 
is divided into four parts: Activities of 
1955, Constitution and Bylaws, Committees 


ing Engineers, and the 


for 1956, and Directory. Prominent among 
the committee reports contained in the first 
section is the report of activities and accom- 
plishments of the Engineering Manpower 
Commission (EMC). Since its establish- 
ment in 1950, the program of the EMC 
has been based on the following 
to aid in maintaining the supply of engineers; 


goals: 


to promote the most effective utilization of 


engineers in maintaining the national health, 


safety, and interest; and to aid in establishing 
the importance of the engineering profession 
to the national economy. 


Lawrence, Mass. 
Subsection Organized 


AIEE activities were extended to an- 
other New England community on Monday, 
April 23, 1956, when 50 engineers gathered 
for the first AIEE technical meeting in 
Lawrence. Sponsored by the Lynn Sec- 
tion, this meeting laid the groundwork for a 
Merrimack Valley Subsection, for which a 
formal petition has been made by AIEE 


members in the area. Heading the Sub- 
section organizing committee was C. N. 
Cleary of the Western Electric Company, 
Lawrence. 

F. O. MacFee, vice-chairman of the 
Lynn Section, explained that the Subsection 
would become operative upon election of 
officers. A Nominating Committee is pre- 
paring a slate of candidates, and another 
committee is preparing a set of bylaws. 
The Organizing Committee expects this 
Subsection to be in operation by next fall. 

The meeting speaker was P. E. Mc- 
Guinness, of The United Shoe Machinery 
Corporation, whose subject was ‘“‘Automa- 
tion.” 


French Scientific 
and Technical Book Exhibit 


Some 250 French scientific and technical 
books will be exhibited at the Engineering 
Societies Library, 29 West 39th Street, 
New York, N. Y., during June 1956. En- 
gineers, educators, scientists, and researchers 
will be able to browse through selected books 
made available by the Cultural Division of 
the French Embassy, New York, N. Y., 
through the co-operation of the leading pub- 
lishing firms in France. 

There will be books in the fields of civil, 
chemical, electrical, mechanical, and mining 
and metallurgical engineering; industrial 
physics; and mathematics, physics, and the 
earth sciences. One of the purposes of the 
exhibit is to keep American engineers, en- 


gineering educators, and researchers in- 





New York Section Tours GE Switchgear Works 


i 
\ 
i 


t PF 
. * as 


testing laboratory. Sixteen stationary and eight roving guides were provided 
with exact routes and timetables in order to cover high points of switchgear 
manufacture and testing on the all-day inspection trip held April 20. Ar- 
rangements by W. B. Shields (AM '48); T. H. MacCauley (AM '45), GE. 


MEMBERS AND GUESTS of New York Section, Power and Industrial Division, 
watch graphic demonstration of results of overloading and obsolescence of 
switchgear before taking guided tour of General Electric (GE) Company's 
Philadelphia, Pa., switchgear works and new high-voltage, high-capacity 
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formed of the advances 
French colleagues. 

The exhibit will be held in the Reading 
Room of the Engineering Societies Li- 
brary which, during June, will be open 
Mondays through Saturdays, from 10 a.m. 
to 5 p.m. 


made by their 


San Diego Section 
Members Tour Aircraft Carrier 


A recent activity of the Aviation Technical 
Division of the AIEE San Diego Section con- 
sisted of a tour of the aircraft carrier USS 
Bon Homme Richard (CVA-37). This tour 
was conducted in two basic sections, in 
which groups of 10 men each were conducted 
personnally by either a qualified officer or 
chief petty officer through various ship in- 
stallations. 

For those members of the group who had 
security clearances on file at the Naval Air 
Station, San Diego, Calif., there was a 
classified area tour; for those who did not 
have clearances on file, there was a tour 
of various unclassified areas. Those in the 
classified area tour were able to see the com- 
bat information center and various radar in- 
stallations. Among those areas visited by 
all groups were the captain’s bridge, and the 
flight operation center. During the tour, 
the group inspected the Mark 7 arresting gear 
and steam catapult facilities. They also 
viewed anti-aircraft facilities, and unclassi- 
fied electronics and electrical shops aboard 
the carrier. 

The trip was very well attended and re- 
ceived by the members who greatly appre- 
ciated the courtesy extended to them by the 
Navy personnel. 


AIEE Women’s Auxiliary 
Presents Gift to Swarthmore College 


On March 14, 1956, Mrs. W. F. Henn, 
chairman of the AIEE Philadelphia Section 
Women’s Auxiliary, presented a check for 
$300 to John McCrumm (M ’47), chairman 
of the Division of Engineering at Swarthmore 
College, Swarthmore, Pa. 

The money was used to purchase a Z-angle 
meter, a piece of electronic equipment for 
precision measurements. 

The Women’s Auxiliary, composed of 
wives, mothers, and sisters of AIEE members, 
was organized in 1948 with 15 members. 
The present membership is well over 200. 

For the past two years the Auxiliary has 
given a card party at the Engineers’ Club of 
Philadelphia to raise money to purchase a 
piece of electrical equipment to be presented 
to one of the colleges in the Philadelphia area. 


Engineers Hold 
Instrument Conference in Boston 


Some 500 engineers whose main technical 
interest is the vast array of instruments that 
control today’s intricate industries, gathered 
Thursday, April 26, in the Hotel Bradford, 
Boston, Mass., for a two-day conference on 
the latest developments in their field. ‘The 
conference, sponsored by the AIEE, The 
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MEMBERS AND GUESTS of Aviation Division, AIEE San Diego Section, on bridge of USS Bon Homme 


Richard (CVA-31), during inspection tour. 


American Society of Mechanical Engineers, 
and the Instrument Society of America, was 
titled “New Developments in Instrumenta- 
tion for Industrial Control.” 

Highlights of the conference were sessions 
on display and recording, automatic data 
handling systems, advanced instrumentation 
systems in industry, and computer controlled 
systems for industry. 

The sessions held on April 26, were on the 
human bottleneck in data 
dynamics of self-balanced systems, 
developments in 
recording, 
display, and circuitry techniques in plant 
data systems. 

The remainder of the program included 
sessions on data systems in the atomic, air- 
craft, chemical, and electric power systems, 


systems, the 
recent 
information display and 


modern scanning, monitoring, 


and control advances in computers. 


‘ . 


At a banquet in the Bradford Thursday 
evening, the principal speaker was Dr. J. J 
Grebe 


velopment for the Dow Chemical Company. 


, director of nuclear research and de- 


Dr. Grebe’s address was entitled “‘Horizons 
in Instrumentation,” which covered three 
types of controls that can be coupled together 
quickly and 


to provide complex information 
accurately 


Edison Electric Institute 
To Hold Annual Convention 


The 24th Annual 
Edison Electric Institute will 
Atlantic City, N. J., June 4-6 In keeping 


with the spirit of the 1956 Convention theme, 


Convention 


i 


MEMBERS of the Philadelphia Section Women's Auxiliary and members of the Swarthmore College staff, 
receiving a gift from the Auxiliary, are: (left fo right) Howard Jenkins, chairman of the department of 
electrical engineering; Mrs. S. H. Farace, treasurer of the Auxiliary; Mrs. C. T. Pearce, junior past chair- 
man; Mrs. W. O. Mascaro, vice-chairman; Mrs, W. N. Gittings, chairman of Ways and Means Committee; 
Mrs. J. M. Alter, chairman of Membership Committee; Mrs. W. F. Henn, chairman of the Women’s Auxiliary 
(presenting the check), and John McCrumm, chairman of the Division of Engineering of Swarthmore College. 


Institute Activities 





‘Tell Our Story—Go 
and Widening the 


Power! For 


Forward! Clearing 
Expressways of Electric 
America!’ the Convention 

Committee, headed by N. B. 
(M °37, F °48), 
Light 


i program of 


Program 
Gussett president of Iowa 


Power and Company, is arranging 


exceptional quality and 


diversity. 

In the five business sessions of the Conven- 
tion, nationally recognized authorities in the 
manufacturing and selling, 
attitude 
will join with les aders of the electric industry 


fields of finance, 


labor, law, legislation, and public 
in a sequence of 


be of 


Session will be held 


addresses that promise to 
interest. The first General 
Monday 
June 4; the second and third on Tuesday; 
and the 


great 
afternoon, 


fourth, and fifth on Wednesday, 
June 6 


AIEE Members 
Honor Nikola Tesla 
On April 5, members of the Niagara Inter- 


national Section of the AIEE toured the 
Edward Dean Adams Station, Niagara Falls, 


NAMEPLATE on one 
of the first generators 
(5,000 HP) installed 
at Niagara Falls Power 
Company, now Niag- 
ara Mohawk Power 
Corporation, showing 
Nikola Tesla as holder 
of nine patents listed. 


N. Y., in commemoration of the one hun- 
dredth anniversary of the birth of Nikola 
lesla (AM ’88, F ’17), inventor of the system 
of a-c power transmission which revolution- 
ized industrial power transmission. The 
tour was conducted during the afternoon 
Following dinner served in the La Salle 
Dales, 
assistant in the system project 
department of the Niagara 
Mohawk Power Corporation, speak on the 
Niagara Mohawk Adams Station where Mr. 
lesla’s polyphase a-c system was first put to 
practical use. 

Today, nearly all electricity in the world 
is generated, transmitted, distributed, and 
turned into mechanical power by means of 
the Telsa system. 


Yacht Club, the group heard G. 
administrative 
engineering 


He is credited with the 
greatest single group of inventions in the field 
of electrical engineering. 


Plans Announced for 1956 
National Electronics Conference 


More than 100 technical papers and 235 
commercial exhibits will be featured at the 


MEMBERS OF THE Niagara International Section of the AIEE at the Niagara Mohawk Power Corporation 
the first station to be built purely for power instead of light. 


te Activities 


12th annual National Electronics Con- 
ference, to be held in Chicago, IIl., October 
1—3, at the Hotel Sherman. 

A record attendance of 10,000 is expected 
at the three-day meeting which is sponsored 
each year by the AIEE, Institute of Radio 
Engineers, Illinois Institute of 
University of 
University. 


Technology, 
Illinois, and Northwestern 

Also participating in the conference are 
Michigan State, Purdue, 
consin Universities, 


Michigan, and Wis- 
Radio-Electronics-Tele- 
Association, and So- 
ciety of Motion Picture and Television En- 


vision Manufacturers 


gineers. 

R. R. Jenness (AM ’44, M ’51), assistant 
professor of electrical engineering at North- 
western University, has been elected presi- 
dent of this year’s conference. 


Additional Conference 
Papers Now Available 


The following is the list of conference 
papers presented at the 1955 Southern Dis- 
trict Meeting, Middle Eastern District Meet- 
ing, Pacific Meeting, and Fall 
General Meeting, which were not numbered 
at the time of the meetings. They have now 
been numbered and are available to members 
for 40¢, and to nonmembers for 80¢. Send 
order and remittance to: AITEE Order De- 
partment, 33 West 39th Street, New York, 18, 
N.Y. 


General 


Southern District Meeting, April 


1955, St. Petersburg, Fla 
DP55-35 Shocks from So 

Askeu 

Continuous Demand 

Owens 

Introduction to Fee 

A. R. Eckels 

Magnetic Amplifie 

mechanism JF 

New Developments nnectors for 
Aluminum. 2: i Hara p 

Integrating heal ‘ Broaden Field for 
Application of Electric Drives. C. D. Beck 
The Use of Magnetic Amplifiers in the 
1. Campbell 

4 Comparison of Variable Speed Drives of 
Small and Medium Horsepower and Their 
Industry W.H. 


Paper Industr .) 


Application in the Paper 
Buford, G. E. Shaad 

The Gas Turbine Southeastern Pulp 
and Paper Mills F. Wierk, W. L. Garlington 
Insulation Characteristics of Wood and 
Porcelain in Serie !. M. Clayton, D. F 
Shankle 

Steel Tower Transmission Line Design and 
Construction C. B. Benham 

Type 45 Universal Carrier Equipment 
R. R. Sander 
Outside Plant erations with High 
Frequency Carrier tems JN. Petrie 
Solving Noise ysstalk Prot 
Compandors 
Electrical Mainte 
and Flotatior 


ems witb 


e-Phosphate Mining 


Grounding System Practices in 
Phosphate Industry W. Barbarowicz 

ics of Hi th-Voltage 

Rubber-Insulated Cables S. J. Rosch 

Che Problems and Methods of Automati- 
ally Computing Toll Calls J. D. Confeld 
The Tampa Area Intertol Switching 


System 


Performance Characterist 


Some 


Transmissior 
Cathodic Protect 


J. B. Prime, Jr 
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Lamme Medal 1956 Nominations 
Due December 1 


Special attention is directed to the 
fact that the names of Institute members 
who are considered eligible for the AIEE 
Lamme Medal, to be awarded early in 
1957, may be submitted by any member 
in accordance with section 1 of Article VI 
of the bylaws of the Lamme Medal 
Committee as follows: 


‘The committee shall cause to be 
published in one or more issues of Electrical 
Engineering, or of its successors, each year, 
preferably including the June issue, a 
statement regarding the Lamme Medal 
and an invitation for any member to 
present to the Secretary of the Institute 
by December 1, the name of a member 
as a nominee for the medal, accompanied 
by a statement of his ‘meritorious achieve- 
ment’ and the names of at least three 
engineers of standing who are familiar 
with the achievement.” 

Each nomination should give concisely 
the specific grounds upon which the 
award is proposed, and also a complete 
detailed statement of the achievements 
of the nominee, to enable the committee 
to determine its significance as compared 
with the achievements of other nominees 
If the work of the nominee has been of a 
general 
operation with others, specific information 


somewhat character in  co- 


should be given regarding his individual 
contributions. Names of endorsers should 


be given as specified in the foregoing 
quotation. 

Article V, section 2, specifies that: 
‘‘The committee in making the award 
shall carefully observe the limitation 
imposed by Mr. Lamme, that the re- 
cipient must have ‘shown meritorious 
achievement in the development of 
electrical apparatus and machinery.’ 
This shall be taken to mean that the 
meritorious achievement must be of such 
character that it has resulted or will 
result in the production of substantially 
improved electrical apparatus or ma- 
chinery. Any work which meets this 
requirement is admissible whether it be 
(a) in development of the theory in- 
volved; (b) in development of the 
characteristics of the 
ployed; (c) in development of over-all 
design; or (d) in development in other 


materials em- 


ways which results in substantial im- 
provement in electrical apparatus or 
machinery. The words ‘electrical appa- 
ratus or machinery’ shall be taken to 
indicate discrete and __ self-contained 
devices which may or may not include 
mechanical moving parts without limi- 
tation as to the field of application. 
They shall not be taken to include 
transmission or distribution systems as a 
whole, but rather to include the appara- 
tus and machinery that is used in making 
up such systems.” 





DP55-410 Color Television—lIts Progress, Its »blems, 
Its Promise. L. R. Fink 
Microwave as a Medium for ectric Utility 
Relaying. N. B. Tharp 
Objectives, Utilization and strumentation 
of the Raleigh Research React H. 
Lamonds 
Can Manufacturing 
Gaylord 
Ihe Application of Computers f 
System Operation. C, Nic/ 
Single-Phase Line Operation of Three- 
Phase Motors. H. T. Smith 
Modern Cable Insulations for Communica- 
tion and Power. P.H. Ware 


Middle Eastern District Meeting, May 
4—6, 1955, Columbus, Ohio. 


Modern 
Transformers. G. W. Clothier 


DP55-314 Insulation Application 


Research Tools for the Developme 
S. L. Fawcett 

The Present State of Power Re 
velopment W. K. Davi 

A New Development in Retina 
raphy. J. H. Prince, John ( 

Smith 

Telefax Patron Switching W.B 


Atomic Power 


Rigorous Determination of the ¢ 
and Characteristic I: 1 
Coaxial Rectangular ‘1 

T. J. Higgins, J. Skiles 
Solutions to Unreliab 
Electronic Equipment 
Nuclear Power Rea 

Stone 

Opportunities for Educa 
Engineering. C. E. Dryden, 
Calcu 


William 


Research 

Searle 

Application of Electror 
Flood Routing ne 
Problems. £. Lawler 
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Design Studies of Large High Performance 
Pressure Control Systems Using Analogue 
Computer. G. Rouvalis 

Simulation of Mechanical Systems Coupled 
by Cams and Levers. J. J. Stone, W. Hecox, 
J. K. Weatherbee 

Magnet Wire Performance in Product 
Life Tests. R. L. Balke 

Insulation Evaluation Program and Equip- 
ment Used for Medium-Sized Electric 
Machinery. G.L. Moses, R. D. Wolford 

The End Point in Motorette Testing. G. A 
Cypher, T. J. Gair 

Economic Study of Higher Voltages 
P.L. McVean, J. G. Tarboux 

Use of Higher Secondary Voltages in Com- 
mercial Areas. R. F. Lawrence 

Calculation of Impedance-Frequency Char- 
acteristics of Induction Motor Rotor Con- 
ductors, J. E. Williams 

The Role of Economics in System Planning 
Abraham Gerber 

Planning the Power System I 
Considerations T. J. Nagel, ¢ 

burgia 

Planning the Power System II—Examples 
of Technical Problems. C. F. DeSien: 
Economic System Loading. G. WV 
Co-ordination Problems in A-( 

H. K. Ome 

Special Analogue Computer 


Cann 


General Meeting, August 
utte, Mont. 


Minimum Cost Loading of T 
Arti r K bien tein 
Automatic Reclosure—Operating 


¢ the Pacific Coas Report 


Future AIEE Meetings 


Summer and Pacific General Meet- 
ing * 

San Francisco, Calif. 

June 25-29, 1956 
AITEE-IRE-ISA 
ference 
Ambassador Hotel, Los Angeles, Calif. 
August 20-21, 1956 

(Final date for tT P—closed, {CP 
Syn.—June 5, CPMs—June 15) 
AIEE-IRE Industrial Electronics 
Conference 

Hotel Manager, Cleveland, Ohio 
September 24-25, 1956 

(Final date for tTP—June 27, tCP 
Syn.—July 12, CPMs—July 20) 
AIEE-IRE-RETMA National Elec- 
tronics Conference 

Chicago, Ill. 

October 1-3, 1956 

(Final date for} TP—July 3, {CP Syn.— 
July 19, CPMs—July 27) 

Fall General Meeting 

Morrison Hotel, Chicago, III. 
October 1-5, 1956 

(Final date for +TP—June 4, {CP 
Syn.—July 19, CPMs—July 27) 
AIEE-IRE Conference of Magnetism 
and Magnetic Materials 

Hotel Statler, Boston, Mass 

October 16-18, 1956 

(Final date for tT7P—July 19, {CP 
Syn.—Aug. 3, CPMs—Aug. 13) 
AIEE-IRE-ISA Conference on Elec- 
tronic Technology in Medicine and 
Biology 

Gov. Clinton Hotel, New York, N. Y. 
November 7-9, 1956 

(Final date for +7 P—Aug. 10, {CP 
Syn.—Aug. 24, DPMs—Sept. 4 
AIEE-IRE Eastern Joint Computer 
Conference 

Hotel New Yorker, New York, N. Y. 
December 10-12, 1956 

(Final date for tTP—Sept. 12, {CP 
Syn.— Sept. 26, DPMs—Oct. 5) 
Winter General Meeting 

Hotel Statler, New York, N. Y 
January 21-25, 1957 

(Final date for *T7P—Oct. 24, tCP 
Syn. Nov. 8, CPMs Nov. 16) 
North Eastern District Meeting 
Pittsfield, Mass. 

May 1-3, 1957 

(Final date for +TP—Feb. 1, §DP 
Syn.—Feb. 15, DPMs—Feb. 25) 
Middle Eastern District Meeting 
Dayton, Ohio 

May 7-9, 1957 

(Final date for +TP—Feb. 8, §DP 
Syn.—Feb. 22, DPMs—March 5 
Summer General Meeting 

Montreal, Que., Canada 

June 24—-28, 1957 

(Final date for tTP. VU arch 

Syn. April 77, CPMs April 76 


Telemetering Con- 


*Final date for submitting papers 
+TP—Transactions paper 
tCPSyn.—Conference Synopsis 
CPMs—Conference Manuscript 
The CPS ate is 1 ays bef 
date) 
§DPSyn.—District Synopsis 
DPMs—District Manus 


ript 
The DPSyn. date i 


late 











. Engineering Progress in the Design of Ro- 

Paper and Pulp Industry Subcommittee tating Anode X-ray Tubes. R. W. Cobean 
Factoring the Human Equation into 

Electrical Testing. C. R. DeReamer, H. E. 
Vann 
Serviceableness of Flexible Cord from the 
Standpoint of Safety to Life and Property. 
F.V. Paradise 
The Grounding of Electrical Equipment in 
Farm and Rural Occupancies. O. K. 
Coleman 
Characteristics and Ratings of Electric 
Motors for Drills in Mines. Ben Harbage 
Effect of Voltage Variations on Mining 
Machine Motor Performance. Frank Ter- 
rant, F. R. Hugus 
A-C Drives for Mine Belt Conveyors 
W. R. Morton 
Square Loop Materials for the Timing of 
Multivibrators. H. J. Venema 
The Ferroresonant Trigger Pair: Analysis 
. : S esiack and Design. C. F. Spitzer 
THE PAPER AND PULP Industry Subcommittee of the Committee on General Industry Applications at a Dienstice of Wada ‘Lockie in te Beno 
luncheon meeting held during the Conference on Electrical Engineering as Applied to the Paper and Pulp Edison Company. D. F. Tulloch 
Industry, March 8-9, Gainesville, Fla. (left to right) E. K. Murphy, Rayonier Inc.; E. H. Overby, Union Bag Fault Location Methods. R. F. Stevens, 


. P : T.W.: L. R.S| id 
and Paper Company; M. J. Osborne, Bowaters Southern Paper Corporation; R. R. Dirksen, Dynamatic semua pel, L. R. Spaniding 


2 Detection and Significance of Flaws in 
Division, Eaton Corporation; H. M. Reed, International Paper Company; G. E. Shaad, General Electric Traction Gearing. J. B. McPerson, Mr. 
Company; G. I. Burner, vice-chairman, Rust Engineering Company; S. A. Bobe, chairman, Westinghouse Brucknicki 

Electric Corporation; R. A. Jamison, Reliance Electric Company; V. S. Oakes, Hammermill Paper Com- Maintenance Inspection of Traction Motor 


Gears and Pinions. M. C. Winstanle 
pany; S. A. Staege, Black Clawson Company; R. C. Berger, General Electric Company; S.J. Campbell, High Potential D-C Testing of ee 


secretary, Westinghouse Electric Corporation; C. H. Hudson, General Electric Company. M. C. DuBois 

Color Television in Medical Education. 
Michael Klein 

Closed Circuit Television in the Bell System. 
C. A. Bartlett 

The Use of Television by the Biological 
Research Organization—Pilot Study. M.C. 
Brown 

Closed Circuit Television at the State 
Electrical Installations and Safety Pre- University of lowa. C.H. Menzer 

cautions Used in Underground Mining High Intensity Color Television for Very 
Operations. W. R. Duffy Large Screen Projection. C. L. Ellis 


oaies . . ores New High Capacity Service Entrance 
A New Recording Method fo ry ¢ Milliamperes Can Kill You! (A demonstra- Protector for Industrial and Commercial 
Using Black a hit n W. L tion of low-voltage electric shock hazards.) Buildings. L.L. Baird, V.N. Stewart 

Hughes M. L. Bassett, B. A. Gurney, T. M. C. Me aes ? 
Harmonic Measurement 1 Television Martin 

Transmitters. W.S. Byer 








Courtesy University of Florida 





ow Features in the -663 Community Television Antenna Systems 
Control! of Electric Locomotives for Under- A. S. Taylor 

ground or Industrial Use 4ilen McLanahan 
Microwave, a New and Powerful Tool for 


Electric Utility Operation 7 1. Com- 


General Circuit Theorems of Power Flow in 
Linear Networks. J. F. Calvert, T. W. Sze 
Dasign of Electronic Equipment for Railio Guide for Application of Arc Furnaces on 
Interferenc . Reduction H. M Sachs . —_ Pow ed Systems Preliminary Report by 
A.L. Albin "Fall General Meeting, October 3-7, 1955 Working Group on Are Furnaces _ : 
A New 18-Inch Wide Continuous Web 
Facsimile Recorder. A. G. Cooley 
Applications of a Frequency Shift Carrier 
Telegraph System in the Telephone Plant. 
C. W. Smith 
A New Semiautomatic Teletypewriter 
Message Relaying System. R. J. Anspach, 
P. A. Tamasi, J. T. Neiswinter 
The Technician—His Training and His 
Role in Industry. £. A. Williford, W. W 
> bd 4 : Wood 
Connecticut Section Prize Winners The Graduate Engineer—His Training 
and His Full Utilization in Industry. 
S. B. Ingram 
Developments in Communications in the 
Lower St. Lawrence Valley. F.C. Douk 
Motor Generator Battery Charging. J. K. 
Haggerty 
Nickel Cadmium Batteries in Industrial 
Service. O. S. Sandburg 
Internal Resistance Short Circuit Current 
and Other Lead Acid Battery Character- 
istics. E. A. Hoxie 
Rotating Battery Charges in Railway Serv- 
ice. W. R. Govett, K. H. Gordon 
Metallic Rectifier Battery Charging. W 
Warburton 
Frequency Shift Carrier for Distance Relay- 
ing. H. W. Lensner 
Standards for Carrier Radiation. Project 
Subcommittee No. 8 of the Committee on Carrier 
Current 
Problems in Evaluating Arc Resistance of 
Insulating Materials. L. J. Goldberg 
A New Broad Band Microwave Antenna 
System. A.S. May, R. W. Friis 
Squirrel Cage Motor Characteristics Useful 
in Setting Protective Devices. F. R. Karr 
Factors Influencing the Starting Duty of 
Large Induction Motors. V. J. Picozzi 
The Rigorous Solution of a Field Problem 
by Means of the Card Programmed Cal- 
culator. L. Rabius, J. R. Faillace 
7 >, y. "i e 7 rO +] 
THE PRIZE PAPER Meeting of the Connecticut Section of AIEE was held April 3, at the Convention Hall of ee ee manne Suotention 
the General Electric Company, Bridgeport, Conn. Section Chairman M. B. Sprague of The Southern New Motor Protection for Steam Power Stations 
England Telephone Company congratulates (left to right) T. H. Rogers, manager of engineering, Machlett — 4-Kv Grounded Sar Systems. W, 
Laboratories, Springdale, winner of the second prize; Fred Heller, engineering manager, Burndy En- ustties thane oak tonnes Air 
gineering Company, Norwalk, winner of third prize; and J. C. Carroll, rubber power cable engineer, Circuit Breaker Series Trips. F. P. Bright- 


General Electric Company, winner of first prize. man, P. J. Reifschneider 


Satellite and Booster Station Allocation Chicago, Il. 

Developments. O. W. B. Reed, Jr 

Experience in Receiving and Rebroadcasting 780 Cine-Radiography with Image Amplifica- 
UHF Television Signals. J. B. Watkinson tion. F.J. Euler, P. A. Virbal 
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COMMITTEE ACTIVITIES 


Editer’s Note: This department has been created 
for the convenience of the various AIEE technica! 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Heaa- 
quarters, 33 West 39th Street, New York 18, N.Y. 


Communication Division 


Committee on Telegraph Systems (R. B. 
Shanck, Chairman; C. H. Cramer, Vice-Chair- 
man; V.N. Vaughan, Jr., Secretary). During 
the past year, the Telegraph Systems Com- 
mittee sessions and technical papers have re- 
flected interest and activity in 
facsimile, in teletype applications, in in- 
tegrated data processing, in higher speeds of 
teletype transmission, and in the application 
of transistors and other new-art techniques. 
The Printing Telegraph Subcommittee held 
two meetings and completed preliminary 


increased 


work with respect to tolerances which it is 
felt could be applied to printing telegraph 
apparatus. At the present time, work is 
proceeding on a study relative to the methods 
of tests and the test circuits and apparatus 
should be determining 


which used in 


operating margins 


Power Division 


Committee on Carrier Current (L. G 
Eaton, Chairman; G. E. 
man, East; L. E. Ludekens, Vice-Chairman, 
Wet: J. L. he Micro- 
wave Subcommittee sponsored a symposium 
at the Winter Meeting. The 
attendance and lively discussions are indica- 
Tech- 
nical sessions proposed by the Committee in 
the coming year are expected to emphasize 
microwave. The Committee on Carrier 
Current has drafted a revised scope which will 
more definitely state its responsibility in the 


Farmer, Vice-Chair- 
Evans, Secretary). 
General 


tions of the interest in this subject. 


microwave field. The new scope is now 
being processed through the usual approval 
channels. The Methods of Measurement 
Subcommittee has a project. 
From the results obtained, it is expected that 
preferred procedures can be set up for ob- 
taining carrier frequency characteristics of 
power and carrier equipment. 


long-term 


The subcom- 
mittee is having difficulty in obtaining meas- 
urement data from the field, as the people 
making measurements are often too busy to 
report results. 


Committee on Insulated Conductors (M. 
W. Ghen, Chairman; L. E. Fogg, Vice-Chair- 
man; F. M. Hull, Secretary The 3-year, 
$65,000 study of thermal resistivity of soils is 
now under way at Princeton University under 
the direction of Dr. H. F. Winterkorn. A 


Correction: On page 469 of the May issue 
of Electrical Engineering, the names of the 
officers of the Committee on Chemical 
Industry should have been: F. S. Glaza, 
Chairman; R. M. Wainwright, Vice-Chairman; 
C. R. Olson, Secretary. 
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more detailed knowledge of the mechanics of 
heat transfer from cables to surrounding 
earth, as well as conduction through earth, 
will be of interest to all who operate under- 
ground power cable systems. Investigation 
of insulating materials for extra high voltage 
cables is being actively pursued. This is a 
forward looking activity which, it is hoped, 
will contribute to other activities being 
conducted outside the institute in the realm 
of cable voltages in the 300 kv to 400 kv 
range. Increasing use of aluminum sheathes 
will result in studies to determine the factors 
which are important in the application of this 
type of cable to modern power systems to 
provide economical trouble-free life. The 
operation of buried distribution cables is 
being reviewed for possible increased use 
outside heavy density load areas An 
interesting feature of this study is the establish- 
ment of the relation of service reliability to 
depth of burial 


> 


Committee on Transformers (J. R. Meador, 
Chairman; D. L. Levine, Vice-Chairman; J. H. 
Chiles, Jr., Secretary). At the Committee 
meeting in Cleveland on April 11, reports of 
the seven Subcommittees were given and 
Work 1S 
supply material for inclusion in ASA C57 in 
Additional dielectric test 


tables have been approved by the Committee 


discussed. being continued to 


the new format. 


and the remaining required tables are nearing 
completion. <A proposed test code for power 
factor testing of mineral-oil-filled instrument 
transformers will soon be ready for letter 
ballot. Material is being gathered for the 
preparation of an impulse testing guide, and 
a working group has been established to 
bring up to date the impulse testing procedure 
in the new American Standards Association 
(ASA) Power and Distribution Transformer 
Test Code. 
a study of the adequacy of present dielectric 


A group is actively working on 
tests on transformer bushings. Progress is 
being made in the area of functional evalua- 
tion of insulation systems, and it appears 
that some of the difficulties in specifying the 
temperature requirements are being solved 
The proposed guide for the maintenance of 
insulating oils which was presented at the 
1956 Winter General Meeting as CP56-358 
has been submitted to the Standards Com- 
mittee with the recommendation that it be 
published for a one-year trial period. Si- 
multaneously, a questionnaire has been sent 
out to users to collect information on industry 
oil maintenance practices. The next project 
of the Insulating Fluids Subcommittee is a 
guide for the 
I'he proposed guide for operation 


similar maintenance of 
askarels. 
and maintenance of dry-type transformers 
with Class B insulation has been through a 
final revision, and is being submitted to the 
Standards Committee with the recommenda- 
tion that it be made an ASA Guide. The 
active West Coast Subcommittee is function- 
ing effectively in reviewing the projects in 
the other Subcommittees and in the Main 
Committee, and in suggesting new activities 
for the functional Subcommittees. 


Science and Electronics Division 
Committee on Electrical Techniques in 
Medicine and Biology (T. H. 
Chairman; H. P. Schwan, 
W. S. 
meeting of the Committee held on January 


Rogers, 

Vice-Chairman; 

Lusby, Secretary). At the business 
, 


31, a decision was made to set up a Sub- 
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Bimonthly Publications 


The bimonthly publications, Communica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain the 
formally reviewed and approved numbered 
papers presented at General and District 
meetings and conferences. ‘The publica- 
tions are on an annual subscription basis. 
In consideration of payment of dues, mem- 
bers (exclusive of Student members) may 
receive one of the three publications; ad- 
ditional publications are offered to mem- 
bers at an annual subscription price of 
$2.50 each. 


on an advance annual subscription basis of 


Nonmembers may subscribe 


$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York exchange). 
Single copies, when available, are $1.00 
each. Discounts are allowed to libraries, 
publishers, and subscription agencies 





committee on Air Pollution, in vi ) 
rapidly increasing importance of this sub- 
ject. Many aspects of this problem appear 
to be of fundamental interest to the electrical 
engineering world, and it was felt that this 
committee would be a logical medium for the 
Beckett 


has been designated as chairman of the Sub- 


Institute’s activity therein. J. C 
committee, and its personnel and scope of 
activity are in the process of being estab- 
lished [he Committee has taken note of the 
establishment of a ‘‘Center for Medical Elec- 
tronics” at the Rockefeller Institute 
to establish 
thereof have been taken 
the Institute of Radio Engineers (IRE) Pro- 
fessional Group on Medical Electronics will 
A Subcommittee for this 
P. Schwan, has 
Annual 


Techniques in 


Steps 
collaboration with the activities 
Collaboration with 


also be promoted 
purpose, headed by Dr. H 
Plans for the 
Conference on Electrical 
Medicine and Biology, sponsored by this 


been appointed. 


Committee jointly with IRE and Instrument 
Society of America, have been started. Dr. 
E. Bw. 


member of this Committee, has been desig- 


[rout, past chairman and present 


nated as Conference chairman, and plans 
for the organization for the Conference have 
been initiated. 
been tentatively set for the first or second 
week of November, in New York City. 
Proposals for papers for the Conference are 
requested to be in by June 1, so that the 


The time and place have 


Program Committee can finalize the pro- 


gram early enough to 


publicity in advance of the Conference date. 


permit adequate 


Committee on Instruments and Measure- 
ments (Ernst Weber, Chairman; C. F. Savage, 
Jr., Vice-Chairman (East); W. S. Pritchett, 
Vice-Chairman (West); P. K. McElroy, 
Secretary). The Committee on Instruments 
and Measurements met October 25 at the 
National Bureau of Standards, Washington, 
D. C., and combined a regular business meet- 
ing with a visit to the Standards Laboratories, 
as well as several laboratories engaged in 
precision measurements. The Committee 
prepared a petition requesting elevation to 
the status of the “Division on Instrumenta- 
tion.”’ With the endorsement of the Science 
and Electronics Division Committee and the 
Technical Operations, the 
petition was submitted to the Board of 
Directors and has been acted upon favorably 


Committee on 





at its April 3 meeting in Dallas, Tex. Group 
Subcommittees have again organized certain 
special technical conferences as follows: 
Recorders and Controllers Conference which 
was held April 26-27, in Boston, Mass., with 
the cosponsorship of American Society of 
Mechanical Engineers and the Instrument 
Society of America; the National Telemeter- 
ing Conference scheduled for August 20-21 
in Los Angeles, Calif.; and asymposium on 
“Scintillation Counters” held May 1-3 in 
Washington, D. C. new standards 
have been prepared, “*Test Guide for Making 
Dielectric Measurements in the Field,” 
which has been approved for a one year trial, 
and ‘“‘Master Test Code for Rotary Speed 
Measurements,” 


Two 


which has been circulated 
to the Committee for final approval 


Committee on Magnetic Amplifiers (W. J. 
Dornhoefer, Chairman; H. W. Lord Vice- 
Chairman; <A. B. Haines, Secretary). The 
Committee on Amplifiers co- 
sponsored the first Special Technical Con- 


Magnetic 


ference and Exhibit on Magnetic Amplifiers 
held in Syracuse, N. Y., April 5-6. Other 
sponsors were the Institute of Radio En- 
gineers and the Instrument Society of 
America. More than 540 persons registered 
for this conference. Since this was the first 


technical conference on this subject, the 





Membership in the American 
Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. Complete in- 
formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. N. S. 
Hibshman, Secretary, 33 West 39th 
Street, New York 18, N. Y. 











Conference Committee had to make many 
decisions based entirely upon judgment rather 
than upon experience. An audience 
“opinion poll,’ taken the second day, in- 
dicated that the programs and arrangements 
in general for this meeting were approved by 
the majority. It also 
for future conference 
for the next Special 


provided guidance 
committees. Plans 
Technical Conference 
and Exhibit on Magnetic Amplifiers were 
discussed at a 
Committee on Magnetic Amplifiers held on 
April 6. 


Conference, which will be held in 1957, has 


luncheon meeting of the 
The Steering Committee for this 


been appointed 


AIEE FELLOWS ELECTED 
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Joe Emerson Barfield (M °42), 


Vic e€-pr esi- 


dent, St. Joseph Light and Power Company, 
St. Joseph, Mo., has been transferred to the 
grade of Fellow in the AIEE “. . . for contri- 


butions to the development of an electrical 
utility system.’’ Mr. Barfield was born in 
Gonzales County, Tex., 1895 
After 


Texas in 1917 


August 13, 
graduating from the University of 
with a bachelor of science de- 
gree in electrical engineer, he entered th« 
Doherty Utility Training School, Denver, 
Colo. During World War I, he served as an 
instructor on aeroplane engines in the School 
of Military Aeronautics. In 1919, he was 
employed by the St. Joseph Light and Power 
Company as a distribution engineer. In 
1924 


bution and transmission. 


he was made superintendent of distri- 
In this capacity, 
he was directly responsible for the design and 


construction of all distribution circuits, sub- 


Courtesy Shultz Studio 


J. E. Barfield 


J. B. Coleman 


stations, and transmission circuits, in addi- 
tion to the responsibility for rates, rural 
From 1936 to 1946, 
he served as assistant superintendent of the 


service, and power sales. 


company, being promoted in 1946 to super- 
intendent in charge of distribution, transmis- 
sion, steam heat, and electrical generation. 
In 1949, Mr. Barfield was elected vice-presi- 
dent in charge of operations, the position he 
In addition to 
electrical and 


holds at the present time. 
over-all responsibility for 
steam heat operations, he is responsible for 
the distribution and sale of a natural gas 
Maryville, Mo. He has 


directly responsible for the system design and 


system at been 
installation of automatic extraction turbine 
generating equipment for complete electric 
and process steam service to Swift and Com- 
pany, and Armour and Company at St 
Joseph, Mo. Mr. Barfield is a registered 


Institute Activities 


G. J. Fiedler 


professional engineer in the State of Missouri. 


John Bruce Coleman (AM ’25, M °49), 
administrative engineer, product engineer- 
ing, Radio Corporation of America (RCA), 
Camden, N. J., has been transferred to the 
grade of Fellow in the AIEE “. . . for contri- 
butions to the development of radio trans- 
mitters and standards in the radio engineer- 
ing field.” Mr. Coleman was born August 
29, 1899, in Indiana County, Pa. He re- 
ceived a bachelor of science degree in electri- 
cal engineering in 1923 from the Carnegie 
Institute of Technology. He then joined 
the Westinghouse Electric and Manufactur- 
ing Company. In 1924, as chief engineer, 
Station WBZ, Springfield and _ Boston, 
Mass., he developed one of the first crystal- 
controlled broadcast transmitters. He then 
served as radio engineer on transmitter de- 
velopment and design, and section engineer 
in charge of high-power transmitter develop- 
ment and design. In 1930, he joined the 
RCA Victor Division of the Radio Corpora- 
tion of America. He became chief engineer, 
Special Apparatus Division in 1939, and 
assistant director of engineering in 1945 
Since 1930, Mr. Coleman has been active in 
the Radio-Electronics-Television Manufac- 
turers Association. At present he is chair- 
man of the Technical Products Panel and 
responsible for the work of nine main com- 
mittees. He is a Fellow of the Institute of 
Radio member of the 
American Society of Naval Engineers and 
the Franklin Institute. Mr. Coleman was a 
member of the U.S. Delegation at meetings 
of Comité Consultative International Radio 
in Stockholm, Sweden, 1948; Geneva, 
Switzerland, 1951; and London, England, 
1953. He has served on the following AIEE 
Committees: Communications (1937-49 

Air Transportation (1945-48); 
Broadcasting Systems (chairman, 1949-50); 


Engineers, and a 


Television 


Television and Aural Broadcasting Systems 
(1950-56, 1950-52); Technical 
Program (1949-50 Standards (1949-50); 
Award of Institute Prizes (1952-53); Special 


(1953-56 


chairman 


Communications Applications 
and Technical Operations (1954-56). 


George J. Fiedler (AM ’32, M °39), princi- 
pal engineer, Sverdrup and Parcel, Inx 

consulting engineers, St. Louis, Mo., has 
been transferred to the grade of Fellow in the 
AIEE “. . . for his contributions to the 
analysis, synthesis, and design of automatic 
process control systems.’ Mr. Fiedler was 


born in Bushton, Kan., March 18, 1904. He 


Ivar Herlitz 


ELECTRICAL ENGINEERING 





J. H. Kuhimann 


attended Kansas State College, receiving a 
bachelor of science degree in electrical engi- 
neering in 1926, and a professional electrical 
engineer’s degree in 1934. He received a 
master’s degree in electrical engineering from 
the University of Kansas in 1932. From 1928 
to 1931, he was with the Radio Corporation 
of America (RCA 


production 


first as a radio engineer, 


department, RCA, Camden, 
N. J.; then as the district service manager 
of the Atlanta, Ga., office of RCA. 


1931 to 1933, he served as graduate assistant 


From 


ind instructor at the University of Kansas 
He then became administrative assistant to 
the dean of New York State College for 
Teachers, Albany, N. Y. 


he was assistant professor, electrical engineer- 


From 1935 to 1939, 


ing department, Union College, Schenec- 
tady, N. Y. In 1939, 
professor, electrical engineering department, 
Montana State College, and in 1943, he 
assumed the same position at the University 
of California at Berkeley. In 1945, he be- 
came chief, circuit design and measurements 
section, U. S. Navy Electronics Laboratory, 
San Diego, Calif. In this position, Mr 
Fiedler had charge of the development, test, 


he became associate 


radio and 
equipment for the U. S. Navy 
In 1946, he joined Sverdrup and Parcel, 
Inc., where he 
time. 


and installation of various new 
electronic 


is employed at the present 
During the past five years, Mr 
Fiedler has directed the design of instru- 
mentation and control systems valued at 
more than $10 million. 


varied in size from small plants to very large, 


These designs have 


complex test facilities having power, flow, 
temperature, and pressure ranges well be- 
yond standard industrial practice. Mr 
Fiedler has written technical papers for the 
publications of several of the national tech- 
nical societies. He is a 
Kappa Nu, 
Phi. 


member of Eta 


Kappa 


Sigma Tau, and Phi 


Ivar Herlitz (AM °21, M °53), director and 
chief electrical engineer in charge of trans- 
former and switchgear \llmanna 
Svenska Elektriska Aktiebolaget (ASEA 
Vasteras, Sweden, has been transferred to 
the grade of Fellow in the AIEE “.. .for 
field of 
engineering.” Mr. Herlitz 
1894, in Stockholm, 


degree in 


design, 


distinguished contributions in the 
high-voltage 
was born June 17 
Sweden He 
trical engineering in 1917 from the Royal 
Institute, Stockholm. In 1920, 
he received a master of science degree from 
Schenectady, N. Y. Dr 
ASEA in 1919, 


received a elec- 


Technical 


Union College, 


Herlitz joined taking a 


JuNE 1956 


Olan Richardson 


* 
Courtesy Young’s Studi 


from 1920 to 192 
United States 
to 1928, he served as assistant to the 
ASEA, Ludvika, 


he became a 


leave of absence 


studies in the From 


engineer, 
1929 


Sweden 
/ consulting 
department, ASEA, Vasteras, 


Sweden, and in the same year was awarded 


engineer, 


power 


the degree of doctor of technology from the 
Royal Institute In 
1945, he was made assistant to the 


Swedish Technical 


rector 
Vasteras In 


1951, he assumed his present 


of electrical engineering at 
position as 
director and 
transformer and 
ot his 
been the design and application of 


of the 


long-distance transmission system 


design. One 


switchgear 


most important contributions has 
a major 
380-kv 


n Sweden 


portion equipment on the 
He is author of many pieces of technical 
literature in English, German, and Swedish 
Dr. Herlitz is a member of the Swedish 
Association of Architects, 
Academy of En- 


Engineers and 
and the Swedish Royal 
He has been president 
Electrical Technical Com- 
mission 1949, and of the ) 
National Committee of the International 
Electrotechnical since 1946. 


gineering Sciences. 
of the Swedish 
since Swedisl 
Commission 
He has been vice-president of the Swedish 
Bureau for Testing Equipment since 1946, 
National 
for the National Commission on Rules for 
Electrical Equipment since 
1951. In 1954, he was 


vice-president of the 


and of the Swedish Committee 
Approval of 
its foundation in 
elected 
International Conference on Large Electric 


honorary 


High-Tension Systems, and a member of its 
\dministrative Council. He is a member 
of the National 


International Congresses and a director of 


Swedish Committee for 
the Swedish Standards Commission Dr. 
Herlitz is a Knight of the Royal Order of 
Vasa 


M °27, 


John Henry Kuhlmann (AM °18, 
Member for Life), 
engineering, University of Minnesota, Min- 


professor of electrical 
neapolis, Minn., has been transferred to the 
grade of Fellow in the AIEE “. . .for cre- 
ative contributions to the teaching of elec- 
Kuhlmann 
was born in Waverly, Iowa, November 

1893. 


gree in electrical engineering in 1917, 


trical apparatus design.”” Mr 


He received a bachelor of science de- 


an electrical engineer’s degree in 1921, 
I rom 
1917 to 1920, he was a design engineer for 
the Electric Machinery Manufacturing Com- 
Minn. In 1920, he 


department of electrical en- 


from the State University of lowa 


pany, Minneapolis, 


joined the 


Institute Activities 


S. L. Scheffer 


chief engineer in charge of 


L. C. Whitman 
gineering, Institute of Technology, Univer- 


He be- 


associat 


sity of Minnesota, as an instructor 
1924 


protessor in 1 


came assistant professor in 
professor in 1930, and 
Prof. Kuhlmann modernized and develope« 


14 


the courses in design of electrical ma- 


chinery, keeping in step with the ever in- 
creasing demands of power generation and 
consumption over the last 35 years. He 
wrote four manuals for class use, and as a 
result of the success of these manuals, he 
prepared and wrote a textbook, “‘Design of 
Electrical Apparatus,” 
lished by John 
In 1950, on invitation, and with the ap- 
proval of the U. S. Department of State, 
he was visiting professor at the University 
of Sao Paulo, Sao Paulo, Brazil. He 
one year introducing and establishing courses 


which was pub- 


Wiley and Sons in 1930 


spent 
there in design of electrical machinery whicl 


As a result of 
University, he was in- 


were not previously offered. 
his success at this 
vited to perform a similar service for the 
University of Brazil, Rio de 
addition to his responsibilities in teaching, 
Prof. Kuhlmann has 
consulting work, together with actual de- 


Janeiro. In 


served industry i 


sign responsibilities. He is a member of the 
Association of Professional En- 

National 
Engineers, and the 


Minnesota 


gineers, the Society of Profes- 
American So- 


He is also 
Minneapolis En- 


sional 
ciety for Engineering Education. 
member of the 
He served on the AIEE Com- 
(1947-50) 


a life 
gineers Club. 
mittee on Student Branches 


Olan 
Southern 


°42) 
Equipment 


Richardson (M president 
States Corporation 
Hampton, Ga., has been transferred to the 
grade of Fellow in the AIEE “.. .for con- 
tributions to protection and communication 
Richard- 
a4 


son was born February 2, 1904, in Gaines- 


for electric power systems.”” Mr 
ville, Ga. After graduating from the U. S 
Navy Radio School in 1922, he served as a 
S. Navy He 


his professional career in 1925, when he was 


radioman in the lt began 
employed by the Georgia Power Company 
as assistant communications engineer. In 
1932, he was promoted to communications 
engineer, assuming full responsibility for 
maintaining the state-wide communications 
system of an expanding operating company 
In 1936, he was transferred to the operating 
department of the 
which, at that 
needed a better system of controlling the 


He led 


in the development of a variable frequency 


engineering Georgia 


Power Company time, 
power flow on its 110-kv tie lines 


carrier system for telemetering a continuous 





recording of the tie-line load. He was ac- 
tive in the design, construction, and in- 
stallation of completely automatic tie-line 
load control equipment of original design. 
In 1939, Mr. Richardson joined the South- 
ern States Equipment Corporation as chief 
engineer. He was in responsible charge of 
all engineering which covered design and 
development of power fuses, power switch- 
In 1940, 
he was elected vice-president and general 
manager. From 1940 to 1946, he also 
served as president of the Henderson Foundry 
and Machine 
the parent 


ing, and other substation devices. 


became 

States 
1946, he was 
com- 


Company which 


company of Southern 
Equipment Corporation. In 
elected 


panies 


president of the combined 


which retained the name of the 
States 


In the power 


Southern Corporation. 
equipment field, 
under Mr. Richardson’s direction, all of the 


air break 


Equipment 
switching 
switches manufactured by the 
company were converted from the area con- 
tact type to the modern high pressure con- 
tacts. In I 


addition, he promoted the de- 
velopment of the “reverse loop” 


contact 
in which the magnetic force of a high cur- 
rent surge is used to increase the contact 
pressure of the switch. In the field of dis- 
tribution cutouts and power fuses, he pro- 
moted a study of the behavior of fuses re- 
sulting in improved fuse design. 


Lawrence Carlton Whitman (AM 739, 
M ’45), development engineer, General 
Electric Company (GE), Pittsfield, Mass., 
has been transferred to the grade of Fellow 
in the AIEE “. . .for his contributions to the 
improved design of dry-type insulating struc- 
tures and to a better knowledge of their 
thermal aging.’ Mr. Whitman was born 
in Franklin, Vt., 1903. He 
attended the Vermont, re- 
ceiving a degree in 


October 31, 
University of 
bachelor of science 
, and a master 
of science degree in physics in 1933. From 
1928 to 1932, he was an engineer in the 
High Voltage Bushing 
vision of GE at Pittsfield. He then spent a 
year at the University of Vermont as a re- 


electrical engineering in 1927 


Engineering Di- 


search Fellow and physics instructor. He 
returned to GE in 1936 as an engineer in 
the High-Voltage Engineering Laboratory. 
He then 
tribution 


became an engineer in the Dis- 
Iransformer Engineering Divi- 
In 1937, he was made assistant to the 
section engineer, network transformers. In 
this position, he was responsible for the de- 


sion. 


velopment and design of a complete line of 
dry-type transformers rated 100 to 2,000 
kva, both ventilated and sealed, utilizing 
class B (150 C) and class H (180 C) in- 
sulations. This new major development 
involved many phases of electrical and ther- 
mal investigations, little precedent 
was available either in the company or in 
the industry. Several technical papers and 
patents were based on work done in this 


since 


assignment. He became an engineer in the 


distribution transformer general develop- 


ment section when it was formed in 1950, 


continuing his work on high-temperature 
insulating materials. He _ con- 
tributed substantially to the knowledge of 
the aging characteristics of dry-type insula- 
tions, and has had several papers published 
on this subject. Since 1953, Mr. Whitman 
has been development engineer in the dis- 


dry-type 


tribution transformer advance product en- 


gineering subsection of GE. He is a mem- 
ber of Phi Beta Kappa, and the National 
Research Council of the National Academy 
of Sciences. He is registered professional 
engineer in Massachusetts. 


Sebastian Louis Scheffer (AM °37, M °45), 
project director, Burns and Roe, Inc., 
New York, N. Y., has been transferred to the 
grade of Fellow in the AIEE “.. .for his 
contributions to control of transportation 
of bulk materials by rail and belt.’ Mr. 
Scheffer was born in New York, N. Y., 
September 23, 1907. 
lor of science degree in electrical engineer- 
ing from the University of Maine in 1931. 
From 1931 to 1934, he was employed by 
New 
York, N. Y., working as a draftsman on 
electrification projects for the Pennsylvania 
Railroad. In 1935, he became an en- 
gineering assistant for the Phoenix Engineer- 
ing Corporation (an Ebasco subsidiary), 
and in 1938, an assistant electrical engineer 


He received a bache- 


Gibbs and Hill, consulting engineers, 


for Ebasco Services, Inc., New York, N. Y. 
From 1942 to 1949, he served as a relay 
and protection engineer, Long Island Light- 
ing Company, Mineola, N. Y. In 1949, he 
joined Burns and Roe, Inc., where his work 
consisted of the plans, cost estimates, speci- 
fictions, and designs for steam, hydro- 
diesel, and gas turbine driven electric 
power plants; for high-voltage transmis- 
sion lines; and for high-voltage substations. 
From 1950 to 1955, he was with the Orinoco 
Mining Company, New York, N. Y., as an 
electrical engineer and project engineer 
where he was in charge of all electrical 
planning and engineering work on the 
project of the design, construction, and 
placing in operation within two years, of all 
necessary facilities required for mining, 
handling, and shiploading 10 million tons 
of iron ore annually from U. S. Steel’s 
Cerro Bolivar concession in eastern Vene- 
zuela. In 1955, he assumed his present po- 
sition as project director, Burns and Roe, 
Inc. Mr. Scheffer is a registered pro- 
fessional engineer in the State of New York. 
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Joseph Edward Gahagan (AM 32, M’43), 
chief engineer, Ansco, a division of General 
Aniline and Film Corporation, Binghamton, 
N. Y., has been transferred to the grade of 
Fellow in the AIEE “.. .for his contribu- 
tions to the application of industrial elec- 
tronics in the field of photographic manu- 
facturing.” Mr. 


Gahagan was born in 


J. E. Gahagan 


Silver Lake Township, Pa., January 22, 
1909. He graduated from the Rensselaer 
Polytechnic Institute in 1930 with a degree 
in electrical engineering. He subsequently 
completed additional training in engineer- 
ing, business administration, and manage- 
ment. From 1930 to 1942, he was with the 


Consolidated Edison Company of New 
York. In 1943, he joined Ansco, serving 
successively as electrical design engineer, 
chief electrical engineer, manager of ener- 
gies and electrical engineering, plant en- 
gineer, and assistant chief engineer. In his 
present capacity as chief engineer, he is in 
charge of the general engineering depart- 
ment which is responsible for providing, 
improving, and maintaining plant facilities, 
and furnishing energies services. One 
major engineering department activity con- 
sists of the development, design, and con- 
struction of special purpose production ma- 
chinery and electric and electro-pneumatic 
controls. Mr. Gahagan’s experience at 
Ansco has included supervision of the design, 
construction, operation, and maintenance of 
electrical generating and distribution fa- 
cilities; the design, selection, installation, 
and servicing of electronic controlled drives 
for industrial process equipment; and an 
electronics development laboratory engaged 
in the development of special controls, in- 
strumentation, and inspection devices used 
in film and paper manufacture. Mr. 
Gahagan is a member of Sigma Xi, the 
New York State Society of Professional En- 
gineers, and is a member and a past presi- 
dent of the Technical and Engineering 
Council of Southern Tier New York Area. 
He is a winner of the AIEE prize paper con- 
test, Power Group, New York, 1942. Mr. 
Gahagan has served on the AIEE Com- 
mittees on Industrial Power Systems (1950- 
54), and Industrial Control (1948-56). 


AIEE PERSONALITIES 


R. D. Bennett (F °35), manager of the 
Knolls Atomic Power Laboratory’s technical 
department, Schenectady, N. Y., has been 
named manager of the General Electric (GE) 
Vallecitos Atomic Laboratory, which GE 
will have in operation in 1957 at Pleasanton, 
Calif. Dr. Bennett will be responsible for 
the company’s development work at the 


Institute Activities 


laboratory, which will be operated in sup- 
port of GE’s peacetime commercial atomic 
activities. He received his bachelor of sci- 
ence and master of science degrees in electri- 
cal engineering from Union College in 1921 
and 1923. He was awarded a doctor of 
philosophy degree in physics by the Univer- 
sity of Chicago in 1925, and an honorary 
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degree of doctor of science by Union College 
in 1945. He was professor of electrical meas- 
urements at the Massachusetts Institute of 
Technology for several years, leaving in 1940 
to enter the naval service. From 1944 to 
1954, he was technical director of the Naval 
Ordnance Laboratory. 
manager of the technical department of the 
Knolls Laboratory, operated by GE for the 
Atomic Energy Commission. Dr. Bennett is 
a Fellow of the Institute of Radio Engineers 
and the American Physical Society; and a 
charter member of the American Nuclear 
Society. He has served on the following 
AIEE committees: Standards (1938-46); 
Marine Transportation (1943-44); Research 
(1947-51, 1954-55); Management (1948 

53); and Education (1949-53). 


He then served as 


R. J. Rhinehart (AM ’49, M ’50), division 
superintendent, Arkansas Power and Light 
Company, Pine Bluff, Ark., has been elected 
president of the National Society of Profes- 
sional Engineers (NSPE). A Purdue Uni- 
versity graduate in electrical engineering, 
Mr. Rhinehart is in charge of engineering 
construction, operation, and maintenance in 
52 towns and cities for his company. He has 
been a member of the Arkansas State Regis- 
tration Board for Professional Engineers for 
seven years, and has been president of the 
Board for the past three years. He is active 
in both professional society and civic work, 
and was selected as ‘““Our Leading Citizen’’ 
by the residents of Pine Bluff in 1939. Mr. 
Rhinehart was formally introduced as new 
president of the 36,000-member NSPE at 
the group’s annual banquet in Atlantic City, 
N. J., May 26. He will officially take over 
his duties as president on July i. Mr. 
Rhinehart served on the AIEE Committee 
on Registration of Engineers (1953-54). 


H. E. Jensen (M °41), vice-president in 
charge of engineering at C and D Batteries, 
Inc., Conshohocken, Pa., has 
pointed vice-president in charge of both engi- 
neering and marketing. Mr. Jensen is a 
graduate of Drexel Institute of Technology, 
Philadelphia, Pa. Before joining C and D 
Batteries, he was in charge of Philco Corpora- 
tion’s research and development laboratory 
for a number of years, and served as a de- 
velopment engineer on classified projects for 
the Navy during World War II. In 1946, 
he took part in the atom bomb test at 
Bikini Atoll. In 1950, after acting as an 
engineering consultant for C and D for three 
years, he joined the firm as a development 
engineer. In 1951, he became chief engi- 
neer, and was named to the post of vice- 
president in charge of engineering in 1953. 


been ap- 


OBITUARIES 


William Henry Harrison (AM ’20, M ’30, 


F ’31), president of International Tele- 
phone and Telegraph Corporation, New 
York, N. Y., and past president of the AIEE 
(1937-38), died recently at his home in 
Garden City, N. Y. He was 63 years old. 
Born in Brooklyn, N. Y., in 1892, Mr. 
Harrison began his career in communica- 
cations with the New York Telephone Com- 
pany in 1909. In 1914, he joined the 
Western Electric Company, where he served 
as engineer. During these years he at- 
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tended Pratt Institute, Brooklyn, N. Y., 
studying electrical engineering, and gradu- 
ated in 1915. 1918 to 


From 1933, he 


Courtesy Conway Studios 


W. H. Harrison 


administrative 
Americ an I ele- 
AT&T 
department of operations and engineering. 
In 1933, he 
charge of operations of the Bell Telephone 


served as engineer and in 
engineering posts with the 
phone and Telegraph Company 
was elected vice-president in 


Company of Pennsylvania, and the Diamond 
State Telephone Company. He returned to 
the AT&T department of operations and 
engineering as assistant vice-president in 
1937, and was elected vice-president in 1938. 
1940 to 
of the Na- 
Commission. In 


Mr. Harrison was chosen in July 
head the Construction Division 
tional Defense 
1941, he 
Office of Production Management. 


Advisory 
Production, 
He also 
Joint Defense 
Production Committee (United States and 
Canada). In com- 
missioned a Colonel in the U.S. Army and, 
later, was promoted to Brigadier General. 
Elevated to the rank of Major General in 
July 1943, he took over direction of the 
Signal Corps Procurement and Distribution 
Service. Upon returning to civilian life, 
Mr. Harrison was again elected 
president of AT&T in charge of operations 
and engineering, and in September 1948, 
he joined the International Telephone and 
Telegraph Corporation. 


became Director of 
served as a member of the 


June 1942, he was 


vice- 


In recognition of 
his wartime services, he was awarded the 
Distinguished Service Medal, War Depart- 
ment; the Most Excellent Order of the 
British Empire, degree of Honorary Com- 
mander; and the Cross of the French 
Legion of Honor, rank of Officer. In 1945, 
he was awarded the Hoover Medal. Mr. 


Harrison was a member of the board of 


directors of the Brooklyn Polytechnic Insti- 
tute; board of trustees of Pratt Institute: 
United Engineering Trustees, Inc.; Ad- 
visory Council for Science and Engineering, 
Notre Dame University; Advisory Council, 
Department of Electrical 
Princeton University; and honorary scien- 
tific societies, Eta Kappa Nu and Tau Beta Pi. 
Honorary degrees were given him by Brook- 
lyn Polytechnic Institute, Notre Dame Uni- 
versity, Rensselaer Polytechnic 
and Manhatten College. 
following AIEE committees: 
Program (1929-36, chairman 
Co-ordination of Institute Activities (1931 
33); Publication (1931-33 
Institute Prizes (1931-34, chairman 1931- 
33); Legislation Affecting the Engineering 


Engineering, 


Institute, 
He served on the 
lechnical 


1931-33 


Institute Activities 


Award of 


Profession (1932-37); Alfred Noble Prize 
(1932-34); Communication (1935-36); Ed- 
ison Medal (1935-43 Lamme Medal 
(1935-38); Executive (1936-40, chairman 
1937-38); Institute Policy (1938-40); Am- 
erican Engineering Council (1937-40 
John Fritz Medal Board of Award (1937-41 
Special Committee to Consider 

Dues and Related Matters (1932-37); Co- 
with War 


Associate 
operation Agencies (1942-45 


and others. 


Fred Orville McMillan (AM °14, M ’26, 
F °32, Member for Life), head, department 
of electrical State 
College, Corvallis, Ore., and past president 
of the AIEE (1951-52), died _ recently. 
Mr. McMillan was born May 12, 1890, in 
Albia, 


science 


engineering, Oregon 


Iowa. He received a bachelor of 


degree in electrical engineering 


from Oregon State College in 1912, and a 


master’s in electrical engineering from 


Union College in 1919. He entered the 


. O. McMillan 


testing department, General Electric Com- 
pany, Schenectady, N. Y., in 1912, and 
transferred to the engineering department in 
1914. In 1920, he 
electrical 
State 


became associate professor in 1923, research 


was appointed to the 


engineering faculty at Oregon 


College as assistant professor He 
professor in 1930, and professor and head of 


the electrical engineering department in 


1937. In addition to his academic work, 
Mr. McMillan 
neer for a number of public utilities; the 
Port of Portland, Ore., in 1925, and the 
United States Bureau of Fisheries from 1929 
to 1933. 
neering specialist to assist the Chinese Gov- 
ernment with 

1943 and 1944. 
been in the field of high-voltage phenomena 


acted as consulting engi- 


He was appointed electrical engi- 
problems in China during 
Much of his research has 


and has been reported in AIEE papers and 
other publications. He was a member of 
the American Association for the Advance- 
ment of Science, American Society for Engi- 
neering Education, Institute of Radio Engi- 
neers, Northwest Electric Light and Power 
Association, and the Professional Engineers 
of Oregon. He was also a member of Tau 
Beta Pi, Sigma Xi, Eta Kappa Nu, and Phi 
Kappa Phi. Mr. McMillan served on the 
AIEE committees; Student 
Branches (1930-36, 1948-51, 
1949-51 Electrophysics (1934—37); Re- 
search (1934-36, 1938-41 
42, chairman 1939-41 

40); Technical Program (1948-50 


following 
chairman 
Transfers (1936- 
Education (1939- 


Award 


579 





of Institute Prizes (1949-50 Publication 
(1949-51); Professional Group Co-ordinat- 
ing, and Professional Division Committee 
449-51); Edison Medal (1950-54); Ex- 
1951-54, 1951-52); 


ecutive chairman, 


John Fritz Medal Board of Award (1952 
56); Planning and Co-ordination (1952-54, 


chairman, 1953-54 and Engineers Joint 


Council (1952-56 He served as vice-presi- 


dent (1934-36), and director (1948-54 


Ernest Mercier (M ’20 
of the Conference 


, honorary president 
International des Grands 
Reseaux Elec triques CIGRE), who died in 


France, July 11, 1955, has been 
honored by the Board of Directors of AIEE 


at its April 3, 1 


Paris, 


meeting, as follows: 

Resolved, that the Board of Directors of the 
AIEE records its sense of loss and grief on the 
death of its esteemed, 
Ernest Mercier, 
CIGRI and 


leader in the development and use of electri- 


long-time Member, 
Honorary President of 
distinguished international 
cal energy; and extends, on behalf of the 
Institute, 
and Maurice 


sincere sympathy to Mrs. Mercier 
Laborde (M ’°48) 
nephew and close associate of Col. Mercier.” 
Mr. Mercier was born in 1878, at Constan- 
Algeria. He graduated Ecole 
after which he became a 
naval engineer. In 12, he left the French 
Navy and was appointed chief engineer of 


Ernest 


tine, from 
Polytechnique, 


the company ‘“‘Le Following 
World War I, the Ministére de PArmement 
entrusted him with reorganizing the genera- 


I riphasé - 


tion and transmission of electrical energy in 
He began this project in 1919 by 
creating the Union d’Electricité, which con- 


France 


sisted of a number of minor important socie- 
ties Because of his efforts, general inter- 
connection of Parisian networks was com- 
pleted in 1931. Mr. Mercier accepted the 
presidency of CIGRE in 
honorary president in 


1934, becoming 
1948, when he was 
obliged to leave. He served as chairman of 
the French Committee of the World Power 
Conference and vice-chairman of the Inter- 
national Chamber of Commerce. 


Eugene Casson Crittenden (AM °19, M ’22, 
F °44, Member for Life), retired associate 
director of the National Bureau of Stand- 
ards, died recently in Washington, D. C. 
Dr. Crittenden was born in Oswayo, Pa., on 
December 19, 1880 He attended Cornell 
University, receiving the degree of bachelor 
of arts in 1905 He 
instructor and 


remained there as an 
until he 
went to the National Bureau of Standards in 
1909 as 


Photometric 


graduate student 


an assistant physicist assigned to the 
Laboratory He was named 
chief of the Burea 


1921, and in 1933, he was made assistant 


Electrical Division in 


director of the Bureau, in charge of over-all 
In 1946, the 
associate director, and 
he assumed the responsibilities of this office 
on a full-time basis 


research and testins 


activities 


title was changed t 


continuing in this role 
Dr. Crittenden 
achievements in the 


until his retirement in 1950. 
is best known for his 


development and ado} u of electrical and 
photometric standards. For his outstanding 
contributions to the work of the Bureau, Dr 
Crittenden was awarded the Department of 
Gold Medal for 


Service in 1949, the 


Commerce Exceptional 
first year in which these 
awards were established, In 1946, he was 


honored with the Gold Medal of the Ilumi- 


580 


nating Engineering Society, and in the same 
year the Case Institute of Technology 
awarded him an honorary doctor of science 
degree. Dr. Crittenden was active in the 
work of the American Standards Associa- 
tion, the Illuminating Engineering Society, 
and the Optical Society of America, he 
served as associate editor of the Review of 
Scientific Instruments from 1934 to 1936. He 
also participated in the work of the American 
Society for Testing Materials, the American 
Institute of Physics, the National Research 
Council, the International Organization for 
Standardization, and the International Com- 
mittee on Legal Metrology. Dr. Crittenden 
served on the following AIEE committees: 
Lighting and Illumination, and Production 
and Application of Light (1922-23, 1932 
33); Research (1929-39, chairman 1938 
39); Technical Program (1938-39): Award 
of Institute Prizes (1938-39); and Stand- 
1939-52 


ards 


Harry Ellis Hershey (AM ’11, M °21, 
Member for Life), attorney at law, died re- 
cently in Chicago, Ill. Mr. Hershey was born 
in Eureka Springs, Ark., in 1889. 
ceived the degree of bachelor of science in 
electrical engineering Kansas State 
College in 1910, and the professional degree 


He re- 
from 


of electrical engineer in 1922. He was also 
a graduate of the John Marshall Law School 
with the degrees of LL.B. and juris doctor. 
In 1910, he Auto- 
matic Electric Company, Chicago, Ill., and 


was employed by the 


he remained with this company throughout 
his life. During his career he worked in in- 
stallation, factory inspection, engineering in- 
spection, equipment engineering, develop- 
ment, methods, patents, personnel, sales, and 
technical publications. Mr. Hershey was 
author and publisher of “Automatic Tele- 
phone Practice,” a telephony, 
which ran through seven editions. He was 
granted 58 patents covering communications 
and remote control inventions. Mr. Hershey 
was a registered professional engineer and an 
attorney at law. He was a Member for Life 
of the Western Society of Engineers. He was 
also a member of the American Bar Associa- 
tion and The Illinois Bar Association. He 
served on the AIEE Communication Com- 
mittee (1935-36). 


book on 


Vernon Barnard Bagnall (M °38, F °48), 
assistant director of operations of long lines 
in charge of engineering, long lines depart- 
ment, American Telephone and Telegraph 
Company (AT&T), New York, N. Y., died 
recently. Mr. Bagnall, born in Jackson- 
port, Wis., joined AT&T after graduating 
from the University of Wisconsin in 1927. 
During World War II, he served as an officer 
on the staff of the U. S. Army’s Chief Signal 
Officer. Mr. Bagnall held the rank of 
Colonel, and was awarded the Bronze Star 
for his part in establishing communications 
between the United States and Europe when 
General Eisenhower moved his headquarters 
to Paris. He returned to long lines depart- 
ment in 1946, and later became general com- 
mercial manager. Within the next several 
years, Mr. Bagnall served as general plant 
manager and as director of personnel. In 
July 1951, he was appointed general mana- 
1952 to 
January 1956, he served as project manager 
of the Distant Early Warning (DEW) line, 


ger of the western area. From 


I stitute Activities 


now being constructed across the Arctic 
Circle to warn of approaching enemy air- 
craft. He had the responsibility of organiz- 
ing and managing the project, which the 
Western Electric Company undertook at the 
request of the Department of Defense. Mr. 
Bagnall was a member of Eta Kappa Nu, Pi 
Tau Sigma, the Institute of Radio Engineers, 
and the Armed Forces Communications and 
Electronics Association. 


Harvey L. Curtis (AM ’21, F ’26, Member 
for Life), retired physicist, National Bureau 
of Standards, died recently. He was 81 
years of age. Dr. Curtis was born on a farm 
near Lansing, Mich. He received the de- 
grees of bachelor of philosophy in 1900, 
master of arts in 1903, and doctor of philoso- 
phy in 1910, from the University of Michigan. 
He served as assistant professor at Michigan 
State College from 1903 to 1907, the year in 
which he joined the National Bureau of 
Standards. He became chief of the Induct- 
ance Capacitance Section in 1915, and of the 
Interior Ballistics Section in 1946. His 
major achievement was in the field of abso- 
lute measurements. He was made an honor- 
ary member of Phi Beta Kappa in 1940, and 
he was also a member of the American Asso- 
ciation for the Advancernent of Science, the 
American Physical Society, and the Ameri- 
can Society for Testing Materials. Dr. 
Curtis served on the AIEE Basic Sciences 
Committee (1942-47). and was Liaison 
Representative of the American Physical 
Society (1933-42). 


John Andrew Northcott, Jr. (M °40), re- 
tired head of the department of electrical 
engineering, University of Notre Dame, Ind., 
died recently at his home in Williamsburg, 
Va. He was 58 years of age. Mr. Northcott 
received a bachelor of engineering degree 
from North Carolina State College in 1918. 
He then was employed by the Westinghouse 
Electric Corporation. In 1922, he joined 
the faculty of Notre Dame, serving as de- 
partment head from 1938 to 1954. Prof. 
Northcott was counselor of the Notre Dame 
Branch of AIEE for a number of years, and 
also past chairman of the South Bend Sec- 
tion. He served on the AIEE Education 
Committee (1942-50). 


Sterling Marshall Gardner (AM ’18, 
M ’26, Member for Life), founder of the 
Gardner Electric Manufacturing Company, 
a subsidiary of Federal Pacific Electric Com- 
pany, in Emeryville, Calif., died recently. 
He was 70 years old. Born in Nebraska, Mr. 
Gardner moved to Oakland, Calif., as a 
young boy and graduated from Polytechnic 
School of Engineering. He was awarded one 
of the world’s first amateur radio licenses 
with the call letters W6JCR. During World 
War II, he was a member of the nation-wide 
“ham” network. Establishing the _ trans- 
former plant in Oakland in 1909, Mr. 
Gardner soon engaged in considerable di- 
versification and extended operations to ‘n- 
clude manufacture of neon sign transformers. 
Gardner Electric designed and developed 
the first neon sign transformer approved by 
Underwriters’ Laboratories in 1926. An- 
other ‘“‘first”? was the winding of the coils of 
the first cyclotron. In 1954, Gardner Elec- 
tric Manufacturing Company was _ pur- 
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chased by Federal Pacific Electric Company 
of Newark, N. J. Mr. Gardner was a mem- 
ber of the Oakland Radio Club, and the 
Allied Scientists of the World. 


John Martin Mellor (AM ’49), retired New 
England district manager for the Ohio 
Brass Company (O-B), Mansfield, Ohio, 
died recently at Danielson, Conn. Mr. 
Mellor was born in Mass., 
November 21, 1888. From 1913 to 1915, he 
was a master mechanic for the Connecticut 
Company, and from 1915 to 1920, he served 
as vice-president and general manager of the 
Hartford and Springfield Street Railway 
Company. He joined O-B in 1920 as a car 
equipment specialist for the New England 
territoiy, and 


Cambridge, 


became a district manager 
eight years later, serving both railway and 
power utility customers in the area. He re- 
tired January 1, 1956 after 35 years of service 
with the company. Mr. Mellor was a mem- 
ber of the New England Railroad Club. 


Christian A. Reiser (AM ’47), special tester, 
Philadelphia Electric Company, Philadelphia, 
Pa., died recently. He was born in Zurich, 
Switzerland, June 15, 1897. He graduated 
from State College, Zurich, in 1920 with a 
degree in electrical engineering. He also 
attended the University of Pennsylvania 
after he came to the United States. From 
1920 to 1924, Mr. Reiser was an electrical 
engineer in a factory for electrical measuring 
and scientific instruments, Tauber 
and Company, Zurich. In 1925, he was 
employed in the testing section, engineering 
department, standardization branch of the 
Philadelphia Electric Company. 
tested and calibrated such instruments as 
are used in a large utility company. 


I'rueb, 


here he 


MEMBERSHIP 


Recommended for Transfer 


The Board of Examiners at its meeting of April 1 
1956, recommended the following members for transfer 

Any objections 
to these transfers should be filed at once with the secre- 
tary of the Institute. A statement of valid reasons for 
such objections must be furnished and will be treated as 
confidential 


to the grade of membership indicated 


To Grade of Member 


Alexander, F. M., project engineer, Industrial Nu- 
cleonics Corp., Columbus, Ohio 

Anderson, L. F., engineering manager, photolamp div 
Sylvania Electric Products Inc., Montoursville, Pa 

3arry, L. C., design engineer-distribution, Southwestern 
Gas & Electric Co., Shreveport, La 

Barter, L. D., district C & A engineer, Westinghouse 
Electric Corp., San Francisco, Cz 

Bayerd, F. G., engineering representative, Kearfott Co., 
Inc., Seattle, Wash 

Boulton, V. R., assistant principal engineer 
Aerojet General Corp., Sacramento, Calif 

Brett, E. D., supervising electrical engineer, Bouillon & 
Griffith, Seattle, Wash 

Buck, A. F industrial sales dept. manager, 
house Electric Corp., St. Louis, Mo 

( “mo E., partner, Emery, Marker & Campbell, 

oledo, Ohio 

Chandler, W. M., Jr., electrical engineer, Larson & 
Silver, Norfolk, Va 

Chatterjee, R. (Mrs.), lecturer, Indian Institute of 
Science, Banglore, India 

Chellapa, T. R., engineer, Sankey Electrical Stampings 
Ltd., Bombay, India 

r. J 


test div., 


Westing- 


g J. C., assistant engineer, electric test dept., 
Baltimore Gas & Electric Co., Baltimore, Md 
, W. H., assistant distribution supervisor, 
Power & Light Co., Coral Gables, Fla 

Cox, H. N., systems application engineer, General Elec- 
tric Co., Schenectady, ‘ 

Crothers, J. M., supervisory electrical engineer, Cata- 
lytic Construction Co., Philadelphia, Pa 

Crumb, S. F., project aerophysics engineer, ¢ ONVAIR, 
Fort Worth, Tex 


Florida 
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Davis, M. N., 
supervisor, 
mento, ¢ 

Dodson, T. A., head electrical eng 
rado River Authority, Austin, Tex 

W., staff engineer, Kaiser 

Spokane, Wash 


industrial & 
Sacramento l 


al Corp., 


Reading 

, Se * 

Kansas City, Mo 
( J 


Seale, A 


heufele 


L. B., manager-marketing 
gear dept., General Electric ( 
Gilbert, R. G., design engineer 

K Porter Ce In Chi 
Gillentine, W. A., district engineer, 
& Tel. Co., New Orleans, La 
Gold, S. H., protection engineer 
Power Cx R erside ( alif 
Goodman, W. I 
Co., Memphis 
Green, M. | chief engineer, North-West Telephone 

Co., Vancouver, Can 

Haig, A. S., electrical engineer, light 
Tacoma, Tacoma, Was! 

Hauspurg, A., staff engineer, Americ 
Service Corp., New York, N. Y 

Hawkins, A. T., switchgear engineer, Federal Pacif 
Electric Co., St. Louis, Mo 

Hazan, E., electrical engineer, Sacramento Municipal 
Utility District, Sacramento, Calif 

Henry, S. D., division operating superintenc 


politan I Cx 


application engineer, Line Material 
Fe 


enn 


an Gas & Elect 


ent, Metr« 


D general superintendent 
npa Electric ampa, Fla 
Hills, J. F., design engineer, 

Vancouver, B. C., Car 
Horton, E. G., 
Westinghouse Electric Corp 
Huffstutter J W., design er 
Electric Corp., 
Ilinski, V. I., designer, Be 
Jancar, J. A., consulting & application engineer 
inghouse Electric Corp., Detroit, Mich 
Jorgensen, G. D., supervi 
Associates, Se 
Kenny, G. I Jr né i 
tendent, Florida Power Corp., St 
Koon, 5 development engineer 
Business Machines Corp., Endicott, N 


Connecticut valley distr 1 
Hartford, Conr 
veer, Westi 


Sharon 


zy engineer, R 

, transmission & distribution superin- 
Petersburg, Fla 
International 
Kral assistant sec 


engineer pi 


. Mase tion 
M. W. Kellogg Co., New York, N. ¥ 
I 


angdon, K 
gineer Yas ( Applications for Election 
tario, .! 

Applications f 
In 


Breaker Co 
Licini, F. R., pro 
Light Co 
indsay, I 

Corp 
indskog 


Malik, 
Punjab . 
McCroskey, N advance e z 
Electric o., Fort Wyane, Ind 
McGuiness, A -lectrical superintend 
Industrial Electrical Co., Inc Atl 
Mesmerin J. C., Jr., senior engi 
Martin Co., Baltimore, Mc 
Moore, J. A., apt tus sales, 
Westinghouse Electric Corp., St. Louis, Mo 
Mower, L. D., electrical engineer, Chz Main, In 
Boston, Mass 
Muhovich, M. R., design er: 
Electric Corp., Sharon, Pa 
Mussina, G technical assistant 
Baltimore Gas & Electric Co., Baltimore, Md 
Nesbitt, W. B., distribution engineer, i 
of Oklahoma, Tulsa, Okla 
Newcomb, A. J., Jr , Superintendent 
land Electric Corp., Roanoke, Va 
Nichols L., a 
gineering, Virginia Military Instit 
a 
Nonemaker, L. I 
Light Co., Allent 
Noyes, L. C., prod 
Co., West Lynt 
Otzmann, H., Jr., 1 
inghouse Elect 
' € 


manager, distribution 


Westinghouse 


ef engineer, 


assistant professor 


Sacrament 
application engineer 

rineering Corp., 

protessor 


Seattle 


In 


Rathsman 
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IN EDUCATIONAL 


ACTIVITIES AND INTERESTS 


1956 District 4 Student 
Conference Held at Clemson College 


THE DISTRICT 4 STUDENT Conference “An Electronic Analogue to the Operation 
and Paper Competition was held at Clemson of an Instructor’s Mind While Deciding 
College, Clemson, S. C., April 11-13, 1956 Grades,” Tulane University; P. R. Little, 
Students, counselors, and guests numbering “New Vacuum Pumps for Industry,” Uni- 
177 attended the meeting. The program in- versity of Virginia; L. E. Frase, “Guided 
cluded a social hour on Wednesday evening, Missile Telemetry,” Virginia Military In- 
April 11; student paper presentations on stitute; D. A. Trainum, ‘‘Electromechanical 
Thursday and Friday mornings, April 12 and Wave Filters,’ alternate paper, University 
industrial plant inspection tours on the of Virginia; and J. J. Westman, “‘An Analy- 
afternoons of April 12 and 13; and a banquet sis of the Double Valued Dynamic Charac- 
and business meeting on the evening of teristic Curve,” University of Florida. 
April 13 Industrial plant inspection tours were made 
Chairman of the Judging Committee, each afternoon to the plants of Sangamo 
Prof. J. C. McKee, Mississippi State College, Electric Company, Pickens Division, Pickens, 
presided at the two paper sessions. Winner S. C.; Owens-Corning Fiberglas Corpora- 
of the first prize was C. O. Alford, Georgia tion, Anderson, S. C.; and Duke Power 
Institute of Technology, for his paper, ““The Company Lee Steam Station, Williamston, 
Magnetic Amplifier as a Low Frequency s. C 


1 2 


Modulator.”’ Second prize was won by S.R. Bruce ¢ vloaninger of Clemson College acted 
Harrell, North Carolina State College, for as toastmaster at the banquet. Vice- 
‘Locating Transmitter Sites for Military President of District 4, Prof. W. J. Miller, 
Installations.” Honorable mention was announced the winners of the paper com- 
awarded to three papers: ‘‘Vibration Studies petition 
with a Photoelectric Cell,’ by J. A. Gioiello After the banquet, the counselors meeting 
and B. E. Pope, University of Alabama; was held with H. V. Poe, District 4 chairman 
*‘An Application of Analogue Computers in of student activities, presiding. Concurrently, 
Testing Servomechanisms,” by J. M. Wright, a student meeting was held with Paul Hagen, 
University of Louisville; and ‘‘Nuclear Clemson Branch chairman, presiding 
Resonance Magnetic Fluxmeter,’’ by J. A. In a combined meeting, the invitation of 
Van Order and J. C. Rudisill, Jr., Duke Mississippi State College to act as host and 
University hold the next Student meeting in conjunction 
Papers were also presented by the following with the forthcoming District meeting in 
students: H. C. Lollar and J. F. Mizell, Jackson, Miss., was unanimously accepted. 
“Photoformer as a Function Generator,” Prof. J. C. McKee of Mississippi State College 
Mississippi State College; W. H. Pace, Jr., was elected District Chairman of the Student 


ORT A 9 se cm, 
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DISTRICT 4 VICE-PRESIDENT, Prof. W. J. Miller (left), congratulating first place winner of Paper Com- 
petition, Cecil Alford (center) of Georgia Institute of Technology, while second place winner, S. R. Harrell 
(right) of North Carolina State College, looks on. In the background is Toastmaster Bruce Cloaninger of 
Clemson College. 


In Educational Circles 


CIRCLES 


Activities Committee for next year 
acclamation. 


AIEE-IRE Student 
Branch Activities at SDSMT 


The AIEE student prize paper competition 
at the South Dakota School of Mines and 
Technology (SDSMT) branch was _ held 
February 21. Winners were William 
Reuter, “‘Alternator Short Circuits,” first 
place; Delmar Schley, ‘‘A Bass Reflex 
Speaker Enclosure,’? second place; Erich 
Bruescke, ‘Characteristics of Snap Action in 
Magnetic Amplifiers,’ and John Mohr, 
‘Detection of Polarity of Corona Discharge,” 
honorable mention. 

SDSMT has the honor of having the largest 
percentage of its graduating engineers listed 
in ‘‘Who’s Who” of any engineering college 
in the United States. This fact was reported 
in *‘A Study of College Graduates in the 1954 
Edition of Who’s Who in Engineering” by 
C. J. Baer, University of Kansas. 

The Institute of Radio Engineers (IRE) 
division of the branch at SDSMT was 
awarded the Sigma Tau scholarship trophy 
this year. The scholarship trophy is to be 
awarded annually to the group or organiza- 
tion on the campus of SDSMT who have the 
highest grade-point average. Sigma Tau is 
an honorary scholastic association located on 
the campus. 


U of I Student Branch 
Receives Display Award 


The University of Idaho’s annual Asso- 
ciated Engineer’s Ball was held February 18 in 
the Student Union Ballrooms of the U of I 
campus. All students of the College of 
Engineering and their friends were invited 
to attend. 

Highlighting the Ball were displays created 
and exhibited by the Student Branch mem- 
bers of the AIEE, American Society of Civil 
Engineers, American Society of Mechanical 
Engineers, American Society of Agricultural 
Engineers, and American Institute of Chem- 
ical Engineers. Each exhibit was judged on 
originality, ingenuity, audience participation 
and appeal, apparent work involved, and 
personal opinion. Faculty advisors of each 
Student Branch acted as judges. 

Winner of the perpetual golden plaque 
was the display entered by the AIEE 
Student Branch, their theme being “‘Progress 
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of Electricity.” rhe winning exhibit began 
with a simulation of Benjamin Franklin’s kite 
experiment, and through a series of 10 major 
steps of 


development, displayed electrical 


progress up to and including a working 
model of a transistor radio receiver built by 
one of the members For the guests part l- 
pation and amusement, a switchboard and 
dial telephone were used to activate each 


step individually through a combination 


of switches. Constructing and displaying 
the exhibit required 250 man-hours of labor 
by the AIEE student members 

G. A 


Society of Professional Engineers, presented 
the award to AIEI 


Riedesel, a representative of the 


Chairman Russell Boor 


Cornell Engineers 
Win Student Paper Contest 


College ot En- 
gineering, Cornell University, Ithaca, N. ¥ 


Four students of the 


have been awarded prizes in an annual 
student paper contest sponsored by the Ithaca 
Section of the AIEI 

J a Haynes winnel of the first prize ot 
$40, also competed in the AIEE North 
District student paper contest in 


Rochester on May 4. His paper was on 


Eastern 


‘The Realization of Infinity 

L. L. Phillips, whose paper was ‘The 
Problem of the National Shortage of En- 
gineers,’’ won second prize of $30 
he $20 third prize winner, H. P. Janes, 
The 


pheric Refraction of Radio Waves by Inter- 


discussed Determination of Atmos- 


ferometer Techniques.” 
\ paper on “A Digital Differential Ana- 
lyzer,’ by I. M 


prize of $10 


Jacobs, won the fourth 


MIT Offers ‘‘Vibration, 
Shock, and Noise’’ Program 


‘**Vibration, Shock, and Noise 


s'ibject of a two-week special summer pro- 


will be the 


gram to be given at the Massachusetts Insti- 
tute of Technology (MIT) June 18-29 dur- 
ing the 1956 Summer Session 

Ihe director of the MIT Summer Session 
points out that modern mechanical design 
requires increasing attention to the problems 
of controlling vibration and noise, and design- 
ing to withstand shock. The two-week pro- 
gram, which will provide a survey of recent 
advances in these fields, will consist of 
lectures supplemented by demonstrations and 
visits to MIT laboratories doing work in 
vibration and acoustics. 

Subjects to be discussed under the three 
main topics include—in the field of vibration: 
elementary theory, vibration reduction and 
isolation, impedance and mobility methods, 
and the application of high-speed digital 
computing machines to vibration calcula- 
tions; in the field of shock: response of 
structures to shock, principles and practice 
of shock isolation, and shock testing; and in 
the field of noise: measurement of noise, 
control of noise, and jet noise and aircraft 
fatigue. 

E. Crede, 
Controls, 


Guest lecturers will include: C. 
director of engineering at Barry 


Watertown, Mass.; Dr. Chiniro Hayashi, 
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professor of electrical engineering at Kyoto 
University, Kyoto, Japan; A. C. Pietrasanta, 
Bolt, Beranek and 
Mass.; and Dr 


Robert Plunkett, vibration engineer at the 


acoustical engineer at 
Newman, Cambridge, 
Engineering Laboratory, General 
Electric Company, Schenectady, N.Y 
Registrants for the special summer program 
in ‘“*Vibration, Shock, and Noise’? may re- 
serve rooms in the Institute’s domitories dur- 


All MIT 


facilities, including the swimming pool and 


General 


ing the program recreational 
the popular sailing pavilion on the Charles 
River Basin, are available for their use. 
Full details and application blanks may 
be obtained from the Summer Session Office, 
Room 7-103, Institute of 
Technology, 


Massachusetts 


Mass. 


Cambridge, 


R. E. Snowman To Compete 
at Summer and Pacific Meeting 


R. E. Snowman, senior electrical engineer- 
ing student at California State Polytechnic 
College, will represent Southern California 
in the student prize paper competition to be 
held at the AIEE 
General Meeting in San Francisco, Calif., 
June 25-29 


Mr. Snowman became eligible to compete 


Summer and Pacific 


by winning first place in the annual student 
prize paper contest recently held by the 
AIEE Southern California Section in Los 


Angeles. This is the first year the college 
has been represented in the competition be- 
cause its AIEE student branch was chartered 
only recently 

Ihe prize paper contest is open only to 
to colleges and universities having local AIEI 
student chapters 

At San Francisco, Mr. Snowman will com- 
pete with winners of other regional contests 


throughout the western states rhe subject 


of his paper was, *‘Analysis of Symmetrical 


Components Using a Three-Phase Oscillo- 


graph.” 


WCEMA Launches 
Scholarship Program 
The West Coast Electronic Manufacturers 


(WCEMA) has 


Scholarship Fund drive 


Association launched its 


1956-57 according 
to T. P. Walker, president of the association 
which annually develops a fund to provide 
engineering scholarships to students in West 
Coast colleges and universities 

During the current school term, 25 students 
are attending 15 West Coast schools under 
WCEMA 
lo qualify, students must indicat 
field of elec- 
given to 
taking 


courses leading to degrees in electrical o1 


sponsorship of the Scholarship 
Fund 
their intention of entering thx 
tronics [he scholarships are 
freshmen and sophomores who are 
mechanical engineering or physics he 
scholarships are given to the schools, with 
the deans of engineering responsible for 
selection of deserving students 

In | 55 56, the following SC hools received 
Cali- 


California 


scholarships: University of Arizona 
fornia Institute of Technology, 
State Polytechnic College 
British Columbia, University of California at 
Berkeley, 
Angeles, University of Idaho, Oregon Stat« 
College, San Diego State ( ollege, San Jose 
State College, University of Santa Clara 


University of Southern California, Stanford 


The University of 


University of California at Los 


University, University of Utah, and Univer- 
sity of Washington 

It is hoped that the 1956 
Fund, which is developed by the contribu- 
tions of WCEMA members and others in the 


electronics industry, will allow addition of 


Scholarship 


several schools to the program 





Notre Dame Paper Competition 


JAMES MASSEY (second from right), Ottawa, Ill, won the annual student paper competition at the 


University of Notre Dame sponsored by the South Bend section of the AIEE. 


netic Pole.” 
studies at the University of Illinois. 


His subject was “The Mag- 


He recently won a National Science Foundation fellowship and plans to take advanced 
Other finalists in the competition were (left to right) Robert Minck, 
Defiance, Ohio; Greg Conron, New Canaan, Conn.; and George Krembs, Merrill, Wis. 


L. F. Stauder, 


associate professor of electrical engineering and faculty moderator holds award certificate. 


In Educational Circles 
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World’s Largest Reversible 


Pump-Turbine Unit in Full Operation 


THE WORLD’S LARGEST 


pump-turbine unit is the heart of a unique 


reversible 


plan for storing large blocks of power at the 
lennessee Valley Authority’s (TVA) Hiwas- 
see Dam. This is the first installation in the 
Western Hemisphere of a reversible pump- 
turbine for the initial purpose of helping to 
level system load curves. ‘The pump-turbine 
was designed and built by Allis-Chalmers 
Manufacturing Company. 


Electrical Rating 


Electrically, this dual-purpose machine is 
rated 70,000 kva as a hydraulic turbine- 
generator and 102,000 hp as a pump-driving 
motor—the world’s largest by more than 
20,000 hp. Hydraulically, it is designed to 
generate 80,000 hp under a 190-foot head— 
to pump 3,900 cubic feet per second against 
a 205-foot head. Rotation is clockwise for 
generating, and is 
pumping. 

In pumped-storage systems, the reversible 


counter-clockwise for 


pump-turbine unit can generate electric 
power to help meet peak daytime demands, 
drawing on water stored for that purpose. In 
off-peak nighttime or week-end hours, the 
supply of available electric power exceeds the 
normal demand. The machine can then be 


motorized to pump water back into the 
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storage reservoir. It is, in effect, the means 
by which surplus electrical energy can be 
converted to water power, stored and re- 
converted when needed to fill electric power 
With the large reversible 
pump-turbine units, approximately 3 kilo- 
watts can be generated for every 4 kilowatts 
used for pumping. The Hiwassee unit will 
assure maximum plant capacity during 
seasonal peak-load periods when water level 


requirements. 


is normally low. 


Records Set 

The new machine boasts many record 
breakers. In addition to being the world’s 
largest pump-turbine, its 266-inch Francis- 
type runner is larger in diameter than any 
other. The electrical component, rated 
102,000 hp as a motor, has no equal. If full 
pumping capability of the unit were utilized 
over a 24-hour period at lower than rated 
head, it would lift more than 3.25 billion 
gallons of water—three times the average 
daily requirement of New York, N.Y. 

Significantly, although it is a relatively new 
concept, components of the reversible pump- 
turbine are little different from those already 
incorporated in many vertical hydroelectric 
machines. The pivoted shoe-type thrust 
bearing, for example, is inherently suited for 
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INTEREST 


COVER for Hiwassee 
Dam outdoor powerhouse 
pump-turbine unit, the 
world’s largest, being 
moved by gantry crane. 


A-C Industrial Press Photo 


reversible operation. 
Hiwassee machine 
1,365,000 pounds. 

To reduce breakaway torque in startup, 
both for motoring and generating, thrust 
bearings for reversible units are fitted for 
high-pressure lubrication. The high-pres- 
sure system operates in the starting cycle, 
establishing a film of oil between thrust bear- 
ing surfaces so effectively that one man can 
readily start the Hiwassee machine rotating 
by pushing against an arm of the rotor spider. 
This system is in use on very large hydro- 
generator installations, as well. 


The bearing for the 
supports a total of 


Characteristics Variations 


Variations between the unit’s electrical 
characteristics and those of a typical hy- 
draulic turbine-generator are chiefly due to 
its dual purpose as generator and motor. 
Ratings are 102,000 hp, 95 per cent power 
factor, 80-C rise, 13,500 volts, 135.9 rpm as a 
motor; 59,500/68,425 kw, 70,000/80,500 
kva, 60- to 80-C rise, 85 per cent power factor, 
105.9 rpm as a generator. 

A ring of 20 adjustable wicket gates con- 
trols the flow of water to the unit’s impeller 
runner for power generation, and likewise 
regulates the flow of pumped water for 
greatest efficiency. When starting as a pump, 
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the wicket gates are closed and a compressed 
air blow-down system dewaters the runner. 
This reduces motor starting torque require- 
ments and eliminates system disturbances. 
Reduced voltage starting limits current in- 
rush below normal load. The motor is then 
started and brought up to speed. Release 
of air pressure allows the water level to rise in 
the impeller, the wicket gates slowly open to 
the proper setting and water flows up the 
penstock into the storage reservoir. Much 
the same sequence in reverse, is followed at 
the end of the pumping cycle. For power 
generation, the unit is started in the same 
manner as a conventional hydraulic-turbine 
unit. 


Sizes of Units 


The 266-inch turbine runner was built and 
shipped in three sections, and bolted together 
at the job site. The largest runner of this 
type that could be handled as a single ship- 
ment would be rated 48,000 hp, compared 
to 80,000 hp for the runner which is now 
installed. 

The generator-motor stator was also built 
and shipped in three sections, partially 
wound at the factory, and finish-wound on 
the job. The rotor spider was too large in 
diameter to meet shipping limits and it also 
was shipped in sections and bolted together at 
the dam site. Rim laminations and field 
poles were assembled on the spider just prior 
to installation. 
over 300 tons. 


Finished rotor weight was 


The concept of pumped storage for hy-’ 


draulic power purposes is not new. How- 
ever, the reversible unit, which combines 
pump and turbine, generator and motor, 
into a single integrated machine, is a recent 
development. 

Another unit of this type, also built by 
Allis-Chalmers, is operating in the Flatiron 
Power and Pumping Plant in Colorado. 


a g 
A-C Industrial Press Photo 


OVER-ALL VIEW of Hiwassee Dam in southwestern North Carolina showing partially assembled. 


tarpaulin protected pump-turbine. 


Induction Motors Produced 


in the “Most Modern F actory” 


BELIEVED TO BE the world’s most modern 
factory for making induction motors, the 
medium induction motor department was 
unveiled in Schenectady, N. Y., by General 
Electric (GE) recently. 

The new facility was built at a cost of 
approximately $7 million to meet today’s 
rapidly expanding motor market which is 
expected to increase at least 75 per cent, in- 
dustry-wide, by 1965. 

Actually three plants under one roof, the 
new motor plant has made possible a three 8- 
hour shift production cycle on standard 
models of the 7!/2- to 30-horsepower motors 
in the Tri-Clad 55 (trade-mark) line. For- 
merly, it took two weeks to produce these 
motors. 


Assembly Methods 


Standard models are manufactured in a 
straight-line flow on left and right assembly 
lines, with special motors produced in a 
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middle line which draws standard 
ponents from the other two. 

Highlighted by many new manufacturing 
processes which have reduced to two the 
number of major hand operations involved, 
the facility is geared to meet upward produc- 
tion demands in an expanding motor market. 

Despite the reduction in hand operations, 
the new plant employs more personnel than 
ever before. 

Principal hand operations still in use on the 
two standard lines involve stator winding and 
a portion of final motor assembly. All other 
operations are performed on machines which 
function automatically—most in a series of 
progressive machining. 


com- 


Factory Setup 
Designed from a “building block” ap- 
proach, the factory was set up specifically for 
manufacture of the 7ri-Clad 55 line, intro- 
duced in 1954. First production line was 
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The weather top for the gigantic unit is at the extreme left. 


installed early in 1955 for the 250 frame size 
By August 1955, the factory had attained 
quantity production of all three of its 77i- 
Clad frame sizes in 7'/2 to 30 hp manufactured 
to the new National Electrical Manufacturers 
(NEMA) 


factory produces more than 100 standard 


Association specifications. The 
models, plus a wide variety of special motors. 

Motor parts progress towards final assem- 
bly and testing along roller-type conveyors, 
with an overhead suspension system em- 
ployed as needed for the handling of materials 
and for such operations as moving the wound 
stators through an automatic dip-and-bake 


process. 


Punch Press Stations 


Feature of the standard lines is an array of 
punch presses stationed at the beginning of 
both production lines. The punching opera- 
tions are fully automatic 
the sheet steel into the presses, movement of 
the punchings from blanking to indexing 
presses via magnetized conveyor belts, and 


including feed of 


removal of metal waste. 

Metal scrap from the punchings is collected 
under the floor in an automatic operation 
conveying it to a chute which shakes the 
scrap into a large bucket. The cycle is 
concluded as the bucket fills to a preset load, 
when it automatically lifts to a position where 
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the scrap is dumped into a collection truck 
Ihe bucket then re- 
turns again to its original position at the 
Shaking operation of the 


outside the building 


end of the chute 
chute starts and stops at set intervals as part 


of the cycle 


Machining Operations 


All machining operations on 250-size 


frames are performed at a single machine 
where the feet are milled, footholes and con- 
duit box holes drilled, shaft hole bored and 
rough-finished, and holes bored and tapped 
for the endshield bolts—all in a progressive 
series of automatically controlled operations. 
Each previously was a separate operation per- 
formed at four different machines. 

In another fully 


automatic operation, 


wound stators are passed through three ovens 


in a dip-and-bake process on a preset cycle of 


about six hours They are progressively pre- 
heated, dipped into varnish, baked, given 
paint dip, baked again, and finally given a 
silicone dip. Hand operations are limited 


to loading and unloading 


Testings 


Che many testing operations demonstrate 
the great emphasis placed on quality control. 
\ll motors are tested automatically on a 
circular platform at the end of each standard 
line Designed to handle six motors at a 
time, the platform is rotated to perform tests 
on a total three-minute cycle for such factors 
as vibration, noise, electrical resistance, and 
high voltage reaction. 

A previous produc tion-line test for turn-to- 
turn failure, unbalanced resistance, and high 
voltage is given at the point where the wound 
stators are 


prepared for the dip-and-bake 


processing. At regular intervals, fully assem- 
bled motors are selected for additional testing. 
Along both standard lines and the special line 
all operators check their own work as it 


progresses toward final assembly. ‘‘Float- 
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Courtesy GE News Bureau 


ing inspectors” also check the work at various 
stations. 

As they leave the final test platform the 
motors are crated and raised by an automatic 
lift into a bank 
similar in principle to the self-filling slots in 


giant, slotted storage 


some food markets. 


Storage 


Accommodating more than 1,000 boxed 
motors at one time, the bank receives the 
motors at one end—placed into slots accord- 


ing to size and model—and by means of 


Courtesy GE News Bureau 


MOLTEN ALUMINUM ALLOY (above), heated to 
more than 1,000 F, is pressure-cast into rotor core 
in process which prevents air pockets from forming 
in core. Internal fan fins are cast as one piece 
with rotor for extra strength. End shields are 
machined at multiple stations (right). New tooling 
and equipment helps assure better alignment of 
bearings for longer life. 


sloped roller conveyors lets each box move 
forward as the boxes ahead are removed. 

The new factory, it is stated, has made 
possible both an improvement in quality of 
the finished motor, primarily through an 
improved uniformity in manufacture, and 
faster service through heightened flexibility 

On the normal production schedule, each 
of the more than 100 standard models is 
manufactured every two weeks. The high 
degree of flexibility in the new manufacturing 
layout, however, permits change of the sched- 
ule at any time to meet a particulad market 
demand. 


Permanent Magnet Use Reduces 


Size and Increases Compass Accuracy 


NAUTICAL COMPASSES today 
new look because of a simple permanent 
look, they 
are less expensive and more accurate. 


have a 


magnet design. Besides a new 

[he Marine Compass Company, Pem- 
broke, Mass., and E. S. Ritchie and Sons 
102-year-old pioneer 
which built the first magnetic compass used 
on the first ‘‘iron” ship built during the Civil 
War 

Like most progressive companies, Marine 


Company compass 


were responsible for this vast change. 


Compass’ problem was to develop a better 
quality product. Specifically, the problem 
was—how to reduce weight on the pivot and 
at the same time add more built-in accuracy. 

Magnetic compasses in use were only one 
step away from the 100-year-old design which 
An 8-inch 
compass, for instance, employed as many as 


made use of a single bar magnet. 


four to eight tube-type magnets, and re- 
quired the use of a large buoyancy chamber 
to provide ‘‘float-free’’ action in the compass 
liquid. 

The magnets themselves were a number of 
high tungsten alloy steel wires sealed in a 
brass tube, then magnetized. As many as 
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12 fine wires were needed to manufacture 
each tube magnet. 

To provide magnetic strength needed, it 
was necessary to use magnets 3'/»- to 4-inches 
long. 
readings, made it necessary to employ the use 


This, as well as the large card for 


of a buoyancy chamber to reduce the amount 
of drag on the pivot. 

Today, light-weight GE (General Electric ) 
Alnico magnets eliminate the need for the 
costly buoyancy chamber and greatly im- 
prove compass performance. These mag- 
nets provide an almost uniform flux pattern 
to give a uniform deviation chart for each 
compass when compensated. The U. S 
Navy 


own compasses on every ship, for example, 


which periodically compensates its 
spends hours at sea in an operation called 
‘“‘turning ship” to plot and correct deviation 
errors of its magnetic compasses. 

The design is more compact, and more 
stable under all conditions. The new-look 
globe or dome construction which resulted, 
tends to keep the liquid steady as the vessel 
rolls andturns. The use of a smaller reading 
card centralized in the liquid keeps it steady 
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MAGNETIC COMPASS EVOLUTION in the United States is typified (above, left 
to right) by 100-year-old single bar compass, Ritchie compass, and present 


improved unit. 


disk at right is daub of paint to assure balanced card. 


also I'he Plexiglass dome top magnifies the 
card so it appears as large as the compass 
bowl. <A 3!/,-inch card, for example, ap- 
pears as a 5-inch face 

All of the foregoing changes stemmed from 
two tiny high-energy GE Alnico V magnets 
which measure '/4- by '/s- by »-inch each 
Manufacturing is simple. The two mag- 
nets are simply brazed on opposite sides of a 
steel ring A subsequent press operation 
ends up with a magnet-card unit ready for 


further compass assembly 


Selective Tone Helps 
Eliminate Two-Way Radio Chatter 


Ear-weary truck drivers and other two- 
way radio users have been aided by a recent 
General Electric (GE) development which 
removes the distracting chatter of radio calls 
intended for others. 

GE engineers have licked this problem by 
incorporating simple electronic tone selecting 
equipment in standard two-way radios. The 
tones turn the mobile radio receivers on 
individually, thus allowing a dispatcher to 
communicate with any radio-equipped car or 
truck without bothering all 
equipped vehicles in the network. 


other radio- 
The ‘‘Personal Channel’’ system, as it has 
designated, has undergone 
Use of the GE ‘‘ Personal 
Channel” allows the same radio range as 


been over a 


year’s field-testing. 
standard two-way radio systems. Compli- 
cated circuits were avoided by the use of tones 
in the normal voice range of a frequency 
modulation radio system. Thus, degrada- 
transmitter signal strength is no 
with a 


tion of 


problem radio system using the 
‘*Personal Channel”’ feature. 

There are three basic tone-control parts 
needed for applying 
a standard radio system. 


Personal Channel’ to 
These are a dis- 
patcher unit for selecting the tones corre- 
sponding to mobile units, a tone receiver 
chassis, and a tone transmitter chassis. 

The complete tone dispatching equipment 
for base station use is housed in a single, 
small, desk-top cabinet. The cabinet con- 
tains 10 push-buttons for selecting one or two 
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Two tiny GE Alnico magnets (right), indicated by pencil, allow 
for a smaller card which is magnified by dome construction. 


Light spot on 


tones from a total of 10 different tones Ina 
small radio system, having 10 or less vehicles 
equipped with radio, the tones may be used 
singly for signaling individual vehicles In 
larger radio systems, a series of two tones are 
used for selecting any one of a hundred radio- 
equipped vehicles. 

I'wo key bars that run the length of the 
row of 10 push-buttons are used for trans- 
mitting. The upper bar is used for trans- 
mitting with tone while the lower bar is used 
for transmitting without tone 

rhe dispatcher selects the proper tone or 
tones corresponding to that vehicle’s receiver 
After 


buttons, he presses the Transmit 


depressing the appropriate push- 
Tone bar 
and asks the vehicle to acknowledge his call. 
When the the vehicle has acknowledged, the 
dispatcher presses the Transmit (without 
tone) bar and sends the message. He has 
virtually the same privacy as if he were using 
a telephone. In addition, operators of the 


other vehicles hear only the messages 
specifically intended for them 

I'he tone dispatcher unit uses only three 
tubes and only one tone generator circuit. 
When a push-button is pressed, it ‘“‘switches 
in’’ a selective network which determines the 
tone frequency transmitted. 

The selective network used in the new GE 
tone equipment maintains a high degree of 
stability through the use of a unique feedback 


type bridged-T circuit not dependent 


power According to GE engineers, the us« 
of electronic rather than mechanical meat 
for determining tone frequency is a mor 
dependable method because there 
moving parts to wear out or become dirty and, 
thereby, change the tone frequency 

rhe electrical items for the tone dispat her 
unit are mounted as a completely separat 
unit within the console cabinet Those elec- 
trical items mounted on the face plate, to- 
gether with the face plate assembly itself, may 
be lifted out of the way when servicing and 
yet remain interconnected by a cable he 
circuit has been built to select one tone 
frequency and will not drift 

Depending on the size of the two-way radio 
system, either a single-tone receiver or a tw« 
tone receiver chassis is used Both may be 
used interchangeably with either a _ base 
station or mobile radio to which they ar 
are attached with a fast-disconnect type plug 

The tone receivers and transmitters are 
designed to operate reliably from —22 to 212 
F Thus, even when a mobile unit is in the 
trunk of a car traveling under the hot sun or 
in subzero weather, the receivers will not be 
affected. 

he tone transmitter is also designed to 
maintain a constant tone frequency and a 
constant output over a battery voltage range 


of +25 per cent. 


Deep Snow Fields Crossed 
by Fully Loaded Freight Train 


DESIGNED to go across deep snow fields 
with close to 100,000 pounds of military 
supplies on its back, a cross-country freight 
train has just been delivered to the Army 
I'ransportation 
Arctic Circle. 
Designed and built by R. G. LeTourneau, 
Inc., of 
carrier travels on 16 of the largest rubber 


Corps for use above the 


Longview, Tex., the block-long 


tires in the world. The tires are each four 


feet wide and 10 feet tall. 
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Although at first glance the Sno-Train 
appears to be only a series of flat-bed trailers 
pulled by a _ powerful 
“trailer” actually is a self-propelled unit 


engine car, each 
with all-wheel drive (Flectrical Engineering, 


January 1956, page 95). This ultimate in 


both traction and power is achieved by 
placing a huge electric motor directly in the 
Should 
one of the wheels lose traction, its share of 
total instantly 


center of each individual wheel 


the train’s horsepower is 





transferred to other wheels which are taking 
hold. 
Because Arctic 


visible landmarks, a transparent “‘bubble”’ is 


expanses provide few 
built into the roof of the control car to 
facilitate navigation by the stars The same 
bubble can be used for observation purposes 
and, in case of emergencies, as a kick-out 
escape hatch 

Other make the 
particularly well suited for Arcti 


include 


features which train 
travel 


aluminum construction for light- 


THE SNO-TRAIN, trav- 
eling on 16 gigantic 
tires, rolls easily across 
expanse of snow more 
than three feet deep 
during U. S. Army 
tests in northern 
Michigan. 


ness; ability to operate in temperatures well 
below zero; preheating facilities for the 600- 
hp diesel engine; fuel tank capacity of 500 
gallons (plus pump for transferring other fuel 
which may be carried in drums as part of the 
cargo and the inclusion of flood lights, 
winch, and jib crane to aid cargo handling. 

rhe new train is one of the most elaborate 
off-road transportation and materials han- 
dling equipment built, and utilizes the largest 
tires of any freighter the company has built 
thus far 


Most Intensely Lighted Street 


Illuminated by Fluorescent Luminaires 


THE ‘14th Street Businessmen’s Associa- 
tion’? converted 14th Street between Union 
Square and Avenue of the Americas into 
the most intensely illuminated thoroughfare 

the City of New York by the use of 22 **V”’ 
shaped 8-foot Luxaire fluorescent luminaires 
mounted on aluminum poles 


hese luminaires have a 30-foot mounting 


height and are on 25-degree elevation with a 
Each com- 
plete unit has two Luxaires and four 8-foot 
rapid-start lamps. Each lamp has a life 
expectancy of 7,500 hours and should burn 


25-degree lateral adjustment. 


for at least two years under the worst 
foot- 


candles for the installation is better than 2 


weather conditions. The average 


LAMPS (right) installed on 14th Street in New York, N. Y., are 8-foot fluorescent luminaires atop aluminum 


poles. 


At night (above) the most brightly illuminated street is photographed with great detail. 
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and this soft glarefree type light is so abun- 
dant that the accompanying photograph was 
taken at a 1/10 of a second, stopping vehicu- 
lar as well as pedestrian traffic. 

The installation was sponsored by the 
‘14th Street Businessmen’s Association,” 
approved by the Department of Gas and 
Water Supply of the City of New York. 
The units were installed by Broadway Main- 
tenance and Luxaires, and the poles were 
supplied by Pfaff and Kendall of Newark, 
N. J. 


Built-in Lubrication 
for Sealed Impulse Units 


A major development project brought into 
practical reality by materials engineering 
has been accomplished by the creation of a 
graphite-impregnated laminated plastics ma- 
terial by the Synthane Corporation of Oaks 
Pa. This helped to turn Research-Cottrell, 
Inc.’s development of improved electrostatic 
precipitation rapping 
practical reality. 

For many Research-Cottrell has 
helped large power plants to remove the dust 
from their flue gases with its electrostatic pre- 
cipitators that literally pull the dust particles 
out of the gas stream by use of electrical 
forces. But occasionally the plates on which 
this dust collected had to be shaken to dump 
the collected dust into a hopper. This was 
generally done by giving the collecting plate 
a periodic, powerful blow with a “rapper.” 
Often this would stir up a local dust cloud 
which resulted in a “puff” of fine dust 
going out of the power plant stacks, which 
was highly objecticnable to the power plant’s 
neighbors. So Research-Cottrell developed 
a new electronically controlled rapper sys- 
tem which provides small, frequent electro- 
magnetically applied rapping impulses. 
These impulses continuously remove the col- 
lected dust from the collecting plates into a 
hopper and thus prevent the formation of a 
thick, collected-dust layer on the plates, 
which stirs up dust clouds when broken off. 


equipment into a 


years 


4 
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The new system thus completely eliminates 
puffs of dust from the stack. 

A considerable problem in the develop- 
ment of the new rapping equipment was the 
need of producing an hermetically sealed 
electromagnetic hammer that would apply 
rapping pulses at controlled intervals to the 
collecting plates and thus produce con- 
tinuous removal of the accumulated dust. 

The frequent blows of this sealed-in ham- 
mer required that it be lubricated per- 
manently at the time it was built. Also, the 
housing had to remain air tight despite the 
frequent, powerful blows of the hammer, to 
avoid failure of the hammer from accumu- 
lations of the ever-present dust, or from cor- 
rosion produced by the corrosive flue gases. 

Research-Cottrell engineers referred the 
problem to Synthane, which devised the fol- 
lowing solution. The sealed hammer hous- 
ing encloses a tubular structure of a lami- 
nated phenolic thermosetting plastic. This 
laminated tubing provides the strength to 
resist the powerful, repeated impacts of a 
magnetic core (steel plunger) which is 
pulled powerfully forward every time a cur- 
rent impulse flows in a magnetic coil wound 
on the outside of the tube. The sudden 


Valve Manufacture 


NEWLY DEVELOPED SYSTEM (diagram) for 
removing dust accumulation from electrostatic 
dust collector plates into a hopper without 
stirring up a local dust cloud. Electric current 
pulses are converted to mechanical rapper 
blows by means of an electromagnetic hammer. 
Sealed rapper unit (above). Exploded view 
of rapper (below) shows its functional parts 
which are (left to right): 1, the outside housing; 
2, the coil form and coil winding; 3, the plunger; 
4, plunger return spring; and 5, end cap. 


movement of the steel plunger delivers a 
hammer blow to the housing’s end piece and 
this blow is transmitted by a connecting rod 
to the collecting plates, knocking the col- 
lected dust from the plates into the hopper. 

To permit the plunger inside the housing 
to move with a minimum of friction, the 
tube was lined with a layer of laminated 
plastic which is impregnated with graphite 
The lubricating effect of the graphite per- 
mits the hammer plunger to slide back and 
forth with very little friction, thus provides 
built-in lubrication from the beginning to the 
end of the life of the sealed hammer or “‘rap- 
per” unit. 

Research-Cottrell engineers have found 
that the sealed rapper units using the graph- 
ite-impregnated plastic have given such 
trouble-free service that none of the units 
produced has ever had to be unsealed, de- 
spite the fact that in each one the magnetic 
core “hammer” may move back and forth 
as often as 1 to 6 times a minute, or 1,440 to 
8,640 times a day for years at atime. And 
these units have given the same trouble-free 
service not only in power plants, but also in 
gypsum, iron cupola, open hearth iron ore 
sintering, and many other applications. 


Speeded-Up by Automation 


MASS PRODUCTION of precision-ma- 
chined valve bodies, for higher quality at 
lower manufacturing costs, is provided by a 
unique new transfer machine, according to 
Manning, Maxwell and Moore, Inc., who 
will use the machine in the Watertown, 
Mass., plant to manufacture its Hancock 
gate type high-pressure steel valves. Engi- 
neered and built by Baker Bros., Inc., of 
Toledo, Ohio, at a cost of over $250,000, the 
machine employs many of the principles of 
automation for the first time in the valve 
industry. 


JuNE 1956 


The transfer machine replaces six other 
machines of various types, and requires only 
one operator. Where the old method pro- 
duced about 19 finished valve bodies per 
hour, production with the new machine 
averages about 73 per hour depending upon 
size. 

Completely automatic and operated from a 
master control board, the machine has over 
seven miles of electric wiring and the electric 
motors produce over 236 hp. When the 
machine is fully loaded, 30 platens, each 
carrying a rough forging of a valve body, 
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Future Meetings of Other Societies 


American Society of Refrigerating Engineers, 
52nd Annual Meeting, June 3-6, Sheraton- 
Gibson Hotel, Cincinnati, Ohio 


SAE, Summer Meetings, June 3-8, Chalfonte- 
Haddon Hall, Atlantic City, N. J 

Radome Symposium, June 4-6, Ohio Union, 
Ohio State University Antenna Laboratory, 
Columbus, Ohio 


Edison Electric Institute, Annual Convention, 
June 4-7, Atlantic City, N. J. 


ASCE, Knoxville Convention, June 4—8, Uni- 


versity of Tennessee, Knoxville, Tenn 


National Fire Protection Association, Annual 
Meeting, June 4-8, Hotel Statler, Boston, Mass 


The Materials Handling Institute, 1956 
Exposition, June 5-8, Public Auditorium, Cleve- 
land, Ohio 

American Nuclear Society, 2nd Annual Meet- 
ing, June 6-8, Palmer House, Chicago, Ill 


American Society for Quality Control, 
Annual Convention, June 6-8, Le Palais du 
Commerce (Show Mart), 
Canada 


Montreal, Que., 


S8.A.M., National Small Business Conference, 
June 7-8, Hotel Statler, New York, N. Y 


National Association of Electrical Distributors, 
48th Annual Convention, June 10-17, Ambassa 
dor and Chelsea Hotels, Atlantic City, N. J 


National Oil Heat and Air-Conditioning Ex- 
position, June 11-15, The Coliseum, New 
York, N. Y 

International Council of Scientific Unions, 
4th Meeting, June 11-15, Ohio State Univer- 
sity, Columbus, Ohio 


SPI, Conference and Annual Meeting, June 
11-15, Commodore Hotel, New York, N. Y 


Annual Colloquy of College Physicists, June 
13-16, University of lowa, lowa City, Iowa 

Amateur Radio Relay League, West Gulf Di 
1 7, Galveston 


vision Convention, June 
Tex. 

ASME, Semiannual Meeting, June 17 

Statler, Cleveland, Ohio 

ASTM, 59th Annual Convention, June 1 
Chalfonte-Haddon Hall Hotel, Atlantic 

N. J. 

Acoustics, 2nd International Congress, June 
17-24, Massachusetts Institute of Technology 
Cambridge, Mass 


Material Handling Training, 3rd Annual! ‘ 
ference, June 17-30, Lake Placid, N. Y 
American Society of Heating and Air-Con- 
ditioning Engineers, Inc., Semiannual Meet 
ing, June 18-20, Washington, D. C 

Human Engineering Institute, 4th Annual 
Seminar, June 18-22, Stamford, Conn 

ASEE and National Science Foundation, Con- 
ference on Mathematics in Engineering, June 
20-22, University of Michigan, Ann Arbor, 
Mich. 

American Physical Society, Annual! Conven- 
tion, June 21-23, New Haven, Conn., and 
Eugene, Ore. 

Stanford Research Institute and University of 
California, joint Symposium on Methods, Ma- 
terials, and Processes involved in the Uses of 
High Temperatures in Science and Industry, 
June 25-27, Berkeley campus, University 
California, Berkeley, Calif. 

ASEE, Mathematics Division Annual Meeting 
June 25-29, Iowa State College, Ames, iowa 


SPI, Plastics Structures Division Conference, 
June 26, Hotel Roosevelt, New York, N. Y¥ 
American Association of Railrtads, Mechanica! 
Division Convention, June 26-28, Sherman 
Hotel, Chicago, Ill. 

Western Summer Radio-Television and Appli- 
ance Market, July 16-20, Western Mercha 
dise Mart, San Francisco, Calif 

ASCE, National Hydraulics Division Annual 
Meeting, August 22-24, University of Wis- 
consin, Madison, Wis 











There 
are 10 drilling, 4 reaming, 6 tapping, 

precision boring, 2 facing, 1 counterboring 
and 1 


simultaneously when the machine is cycled 


pass through a total of 26 “stations.” 


broaching operations which occur 
All chips from the forgings are disposed of 


automatically by a conveyor, while all units 


ind moving parts are lubricated automati- 
cally by a central lubricating system. 

Change-over time from one size valve body 
to another is kept to a minimum by the de- 

yn of tooling and spindle ends that keep the 
settings of feeding units constant from one 
ize to another Size of the high-pressure 
teel valve bodies machined vary from 1/4 
through 2 inches 

he rectangular construction has several 
idvantages, including compactness and floor 
space requirements, as well as having every- 
thing within easy proximity to the operator 
[he machine is manufactured in Baker Bros 


plant in Toledo, Ohio 


Device Measures 
400,000 F Temperatures 


For the first time under laboratory condi- 
tions, man has produced temperatures of well 
over 400,000 F and corresponding bright- 
ness 700 times greater than at the surface 
of the sun 


Ihe incredible temperature and subse- 


quent brightness were a result of investiga- 
tions into the physics of high energy, high 
temperature gaseous discharge by scientists of 
the Air Research and Development Com- 
mand (ARD(¢ 

Chis important work has been accom- 
plished in connection with the classified 
ARDC project at Air 


Research Center 


Force Cambridge 
However, the technique 
itself is not classified, and holds promise of 
possible use for industrial and research organ- 
izations 

Temperatures which have been measured 
by the laboratory are of exceedingly short 
duration, less than a millionth of a second, 
but an important outgrowth of this research 
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WHEN THE MACHINE is fully loaded, 30 platens, like the one 
shown (above), carry a steel forging of a valve body 
through the 26 “stations” of the transfer machine. The 
transfer machine (right) with operator at the master control 
panel replaces six other machines of various types in the 
production of forged steel valve bodies for high-pressure 
gate type Hancock steel valves. 


was the design of equipment capable of accu- 
rately measuring the powerful and extremely 
fast pulsed electrical spark discharge 

Ihe extremely high temperatures involve 
the release of electric energy into a very small 
volume of inert gas under high pressure. 

\ specially designed capacitor circuit is 
employed to store the energy and release the 
electric discharge. ‘This capacitor circuit, 
applied to the basic gaseous discharge tech- 
nique, is primarily responsible for the result- 
ant high temperatures 

In the past, those working in the field were 
unable to determine with accuracy the tem- 
peratures which they were able to generate. 
Now, ARDC’s newly 
equipment, an accurate measurement of the 


because of devised 
temperature and the brightness is calculated 

[hese experiments and the resulting meas- 
uring devise were conducted by Dr. Heinz 
Fischer, chief of the electro-optical section 
at the Cambridge Research Center. 


Transistorized Units 
To Go on First U. S. Turbo-Props 


American Airlines’ new fleet of Lockheed- 
Electra 400-mile-an-hour airliners will be 
equipped with a completely transistorized 
automatic flight system developed by Bendix 
Aviation Corporation. 

rhe transistorized systems for the airlines’ 
four-engine, turbo-prop planes scheduled to 
go into service beginning August 1958, repre- 
sent commercial aviation’s first decision on 
the type of automatic flight control needed to 
meet the U. S. requirements of the turbo- 
prop and turbo-jet age. 

Turbo-prop engines operate on the same 
principle as straight jets, except that the 
engine turns a propeller. 

The all-transistorized flight system will 
equip American’s new 66-passenger trans- 
ports with an automatic control system that 
flies the planes unerringly on radio-marked 
flight paths and makes automatic ILS (in- 
strument landing system) approaches to air- 


ports. It also provides for automatically 
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steering the plane by electronic signals com- 
ing from a directional gyro that is in turn 
constantly 


cross-checked by a magnetic 


compass. The system is designed, the an- 
nouncement said, for super-accurate control 
under all flight conditions, with resulting 
savings in fuel consumption, improved stand- 
ards of flight-schedule regularity and _ in- 
creased passenger comfort. 

Linked to the control system are newly 
designed indicators providing on just two 
dials all of the essential information the pilot 
needs to make sure the plane is ‘‘on course.” 
Meantime he is free to watch, or monitor, 
other aspects of the flight. 
knob he can take over manual control at any 
time 


Just by turning a 


The entire system is equipped with trans- 
istors which have overwhelming advantages 
in aircraft applications, instead of vacuum 
tubes. They use substantially less power, 
create no heat problem, occupy very little 
space and, most importantly, are practically 


indestructible 


Courses Are To Be Given in 
Automation and Guided Missiles 


An intensive course in how to design and 
“tool up” manufacturing 
equipment for low-cost automation will be 
held at The Pennsylvania State University, 
University Park, Pa., June 10-15. 

The week-long course is 
manufacturing and product design engi- 
neers in medium and small volume manu- 
facturing organizations. 

Approximately one half of the course will 
be devoted to workshop 


products and 


intended for 


sessions dealing 
with processing, process integration, tooling, 
hardware design and _ selection, controls, 
and product design. 

Other sessions will stress various aspects 
of product design for automation, methods 
of systems analysis and planning, tooling 
and integrating automation systems for 
small, medium, and job shop operations. 


Special attention will be given to methods 
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of designing low-cost systems for manufac- 


turers limited tooling budgets 
through the selection and integration of 
standard tools and hardware into existing 
equipment. 

A comprehensive course in the field of 
guided missiles will be offered at The Penn- 
sylvania State University, July 2-13. 

The two-week 


having 


lecture and _ practicum 
course will be taught at the graduate level 
to provide a broad introduction to torpedo 
engineering. In addition, the course will 
serve as a practical case study of the appli- 
cation of systems approach to solution of 
over-all guided-missile design problems. 
This course will be especially valuable to 
engineers, scientists, maval officers, and 
administrators associated with torpedo re- 
search, 


developments, and _ engineerings. 


It is designed also for those wishing an 
introduction to the practical application of 
engineering in solving 


engineering problems. 


systems complex 


The fundamental principles underlying 
the design synthesis of underwater guided 
missiles will be discussed, including acoustic, 
electronic, hydrodynamic, control, and pro- 
pulsion areas. 

Text material and demonstrations have 
been nationally and 


prepared by inter- 


nationally known specialists, who will be 
available throughout the course for discussion 
The course will be organized and taught 
by the Ordnance Research Laboratory at 
Penn State, the only civilian academic insti- 
tution concerned with the over-all problem 
of torpedo research and development. 

The material will be co-ordinated into a 
consistent, uniform series of lectures, demon- 
strations, and field work. 


AEC Announces 
Gem Irradiation Policy 


The U. S. 
(AEC) has 


irradiation of gems in Commission facilities 


Atomic Energy Commission 


announced that requests tor 
will be treated in the same manner as re- 


quests for irradiation of other materials. 
The AEC’s recent decision removes a sus- 
pension of gem irradiations which has been 
in effect since 1953. 

It has been known for more than 50 years 
that color changes may be produced in gems 
by irradiation. Radium, and more recently 
particle accelerators, cobalt-60, and nuclear 
reactors have been used for this purpose. 
Radiations from a particle accelerator may 
produce blue or blue-green colors in dia- 
monds. Irradiation in a nuclear reactor may 
produce a green color, which may be turned 
to brown under certain conditions of heat- 
ing. 


In April 


porarily 


1953, the Commission 


suspended the 


tem- 
issuance of au- 
thorizations for irradiation of diamonds and 
other gems in all AEC facilities pending 
study of the policy involved in such irradia- 
tions. As a result of the study, it was de- 
cided that 
should be 


requests for gem irradiations 


handled in the same mannet 


as other requests for service irradiations. 
Commission policy is to authorize irradia- 


A fee 


covering the cost of providing the irradia- 


tions when reactor space is available. 


tion service is charged. 
It was noted by the AEC that “Trade Prac- 
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tice Rules for the Diamond Industry” 
published by the Federal 


were 
Trade Commis- 
sion on February 10, 1956. The rules, which 
went into effect on March 10, 1956, provide 
in part: 

** Deception as to Color... At is an unfair 
offer tor 
diamond which has 
tinted by 


trade practice to advertise, 
sale, or sell any 
been artificially colored or 


coating, irradiating, or heating or by 
use of nuclear bombardment, or by any 
other means, without disclosure of such 
fact to purchasers or prospective pur- 
chasers, or without disclosure that such 
artificial coloring or tinting is not per- 
manent if such is the fact.” 
Diamonds irradiated in a nuclear reactor 
become radioactive temporarily, but the 
radioactivity decays to an insignificant level 


within a few days. 


Highest Steam Temperature 


Turbine-Generator Unit Running 


With the recent completion of the new 
200,000-kw steam turbine-generator unit at 
Burlington (N. J.) Generating Station, lo- 
cated on the Delaware River, the Public 
Service Electric and Gas Company’s electric 
system capacity has been increased to 
2,104,300 kw 


two other 


On completion in 1957 of 
generating stations, the Linden 
and Bergen installations, the total effective 
generating capacity of the company’s seven 
stations will approximate 3 million kw. 

he objectives in the design of the new 
Burlington unit were to achieve one which 
would be simply arranged, with central 
control to reduce operating effort, and a 
steam cycle to take advantage of high steam 
About 1.25 
million pounds of steam an hour can be 


produced at a pressure of 2,350 pounds per 


temperature and_ pressure. 


square inch and a temperature of 1,100 F, 
which is still the highest steam temperature 
for power generation in operation in this 
country. The steam turns the 107-ton 105- 
foot shaft of the turbine-generator so fast 
that the outer rim of the turbine spindle is 
moving at a speed of 1,075 miles an hour, or 
50 per cent faster than the speed of sound, 


To generate steam at full capacity over 


NEW 200,000-KW TURBINE-GENERATOR has 
been added to Public Service System to keep pace 
with ever-increasing demand for electric energy 
in New Jersey's Delaware Valley. 
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270,000 gallons of oil or 1,550 tons of coal are 


burned every day. 

The new structure for the unit consists of 
boiler house, turbine room, pulverizer bay 
and electric equipment bay. The boiler 
as tall as an 11-story building, is of the semi- 
outdoor type which not only reduces the duty 
of the ventilating system, but also results in 
a considerable saving in building cost. An 
feature 1s that this 


interesting structural 


3,250-ton boiler is suspended from a sup- 
When the boiler is hot 


it expands downward in length about 6 


porting steel frame. 
inches. Features of the new reheat boiler 
inciude pressurized firing, flue-gas recircula- 
tion and tempering, and high steam tem- 
peratures and pressures. The feedwater 
heating cycle includes eight stages of heating 
with six heaters and four drain coolers on 
the suction side of the boiler feed pumps. 
[he turbine-generator is a tandem- 
compound 3,600-rpm machine consisting of 
a high-pressure section, a reheat single-flow 
intermediate-pressure section, and a triple- 
section Fresh wate! 
River 


121,400 gallons per minute is used to con- 


flow low-pressure 


from the Delaware amounting to 


dense the exhaust steam in the condenser 
condensed from the steam, is 


h various pieces of ¢ julp- 


[The water, 
pumped throug 
ment, where it is heated before it re-enters 
the boiler to be turned into steam again and 
start another round trip 

13,801 


Ihe electricity is generated at 


volts in the generator, which is cooled by 


hydrogen gas under 30 pounds per squar¢ 


Gb yrserzo 
wuEs' 


CENTRAL CONTROL ROOM for new 


generator unit has approximately 350 instruments 


turbine- 


and controls. 


inch pressure. The use of hydrogen per- 


> 


mits an output pa per cent more than if the 


generator were cooled by air The tandem- 
connected auxiliary generator is rated at 
15,625 kva or 12,500 kw at 0.80 power factor 


All of 


generation of electricity by this unit are co- 


these processes involved in the 
ordinated by two men stationed in a central 
control room. Approximately 350 instru- 
ments and controls, more than the number 
in a modern 4-engine commercial! airliner 
keep the operators constantly informed of the 
operating conditions of the boiler, turbine, 
auxiliary machinery 


Approximately 450 different operating condi- 


generator, and other 


tions are being constantly recorded on charts 
In addition, 550 indicating lights tell opera- 
tors of the proper functioning of equipment. 





Transformers raise the voltage for eco- 
nomical transmission through the 132,000- 
volt transmission system, which is the “‘back- 
bone” of the electric supply for the com- 
pany’s territory. 14 switching sta- 
tions, located on this high-voltage system, 
subtransmission at 26,400 volts delivers 
energy to 155 company substations. The 
Public Service System is interconnectedwith 
those of neighboring utilities and is thereby 
part of an 
with an 


From 


interconnected electric system 
installed capacity of almost 8.6 
million kw. 


International Meetings 
Cover Many Engineering Phases 


World Power Conference: ‘This fifth meeting 
is to be held in Vienna, Austria, from June 
17-23. Preprints of the technical papers 
and of the general reports are available free 
from the Austrian National Committee. 

International Electrotechnical Commission: The 
annual meeting of IEC is scheduled from 
June 27 to July 6 at Munich, Germany. 
Inquiry should be made to the United States 
National Committee, c/o American Stand- 
ards Association, 70 East 45th Street, New 
York, N. Y. 

International Organization for Standardization: 
The meeting of the Council will take place 
from July 16-21 at Geneva, Switzerland. 

Convention of Engineers and Architects: An 
international convention of Engineers and 
Architects, Friends of Israel, is to be held in 
Tel-Aviv, Israel, during the month of August. 
Additional obtained 
either from the American Technion Society, 
1000 Fifth Ave., New York, N. Y., or Asso- 
ciation of Engineers and Architects, 200 
Dizengoff St., Tel-Aviv, Israel. 

Congress of Applied Mechanics: The 9th In- 
ternational meeting will take place at the 
of Brussels, Brussels, Belgium, 
on September 5-13. There will be technical 
sessions covering the fields of fluid dynamics, 
aerodynamics, and mechanics of solids (rigid 
dynamics, vibrations, elasticity, plasticity). 
Registration can be made at any of the Atomic 
Energy Commission offices throughout the 
Brochures may be obtained from 
the Secretary, The American Society of 
Mechanical Engineers, 29 West 39th St., New 
York, N. Y. 

Canadian IRE Convention: Elaborate ar- 
rangements have been made for the 1956 
Canadian IRE Convention celebrating the 
30th Anniversary of the organization, 
October 1-3. In conjunction with the 
convention will be an Electronic Exposition 


may be 


information 


University 


country. 


at the Automotive Building in Exhibition 
Park in Ont., Every 
phase of electronics will be covered including 


Toronto, Canada. 


industrial applications 


29th 
International Chemical Industries Congress 


Chemical Industries Conference Ihe 
the ist European Corrosion Congress, and 
the Conference on Basic Chemicals in con- 
junction with a Plastics Materials Exposition 
will take place in Paris, France, from No- 
22 December 3. Ad- 
ditional information is obtainable by writing 


vember through 
to Rassemblement des Arts Chimiques 
1956, IV° Salon de la Chimie, Caoutchouc— 
Matieres Plastiques, 28, Rue Saint- 
Dominique—Paris-7°, France 

Publi Works 
aid | ondon Calls,” 


Exhibition: 
a brochure explaining the 


Congress anda 
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Public Works and Miunicipal Services 
Congress and Exhibition, 1956, is available 
from The Municipal Agency Limited. 
Anyone interested in attending should plan 
to be in London, England, November 12-17. 


Floodlight Has 
Color-Improved Lamps 


One of the first floodlights 
specifically for “color-improved’”’ mercury 
vapor lamps has been announced by Wilson 
Electrical Equipment Company of Houston, 
Tex. 

Called “‘Wide-Lite,”’ the new unit provides 
a broad, complementary pattern that can be 
overlapped smoothly to provide area cover- 
age without hot spots or valleys of shadow. 
Lateral light spread is 130 degrees and 
vertical spread is 40 degrees. 

Wide-Lite installations require 47 per cent 
less power than those utilizing conventional 
incandescent lamps, and the units may be 
operated on 220 or 440 volts to cut installa- 
tion wiring costs. Relamping maintenance 
is drastically reduced, because lamp life is six 
times that of incandescent floodlights, and 
fewer units are needed to properly light a 
given area 

Rectangular in shape to complement both 
the length and the diameter of the light 
source, Wide-Lite has a cast aluminum alloy 
enclosure. Trapping of light behind the 
lamp is prevented by a unique ‘“‘butterfly” 
reflector made of brilliant alzak aluminum, 
Airplane type fins are used for heat dissipa- 
tion, and the unit has a pyrex glass lens. A 
baffle prevents leakage of light that has not 
been color-corrected, and the unit is com- 
pletely sealed to insure long reflector life. 

Wide-Lite offers an entirely new approach 
to many lighting problems. Industrial in- 
teriors and warehouse aisles may be illumi- 
nated to distances never before possible and 
building exteriors can be lighted dramati- 
cally without dark areas to mar the over-all 
effect. On outdoor advertising signs, one 
Wide-Lite will usually do the work of five 
conventional light sources. 


designed 


WIDE-LITE unit gives lateral light spread of 130° 
and can be operated on 220 or 440 volts, thus 
cutting installation costs. 
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Magnetic Tape Records 
and Reproduces TV Programs 


A new process for the recording and re- 
production of television programs on mag- 
netic tape was demonstrated in Chicago by 
G. I. Long, president of Ampex Corporation 
and in one of the engineering laboratories at 
Redwood City, Calif., by A. M. Poniatoff, 
chairman of the Board of Directors. The 
Video Recorder can record and reproduce an 
hour’s program on a 14-inch reel of 2-inch 
magnetic tape. 

The new Ampex VTR (video tape re- 
corder) system records both picture and 
sound on a single magnetic tape two inches 
wide. Picture quality is considered to be 
better than that obtained with current 
kinescope techniques using photographic 
film. The “gray scale’’—the ability to 
reproduce accurately all shades from black 
to white, is inherent in this new video 
magnetic tape recording system. On the 
other hand, the gradient from black to white 
is not uniform in photographic film. 

Resolution is measured by the number of 
lines into which a television screen is divided, 
the greater the number of lines (the finer the 
lines) the more detail appears in the picture. 
Horizontal resolution is a variable depending 
on many factors, most limiting of which is 
the television receiver. An average home 
receiver has a_ horizontal resolution of 
approximately 275 lines across the face of the 
picture tube. The maximum number of 
lines which a station can transmit is 340. 
The Ampex VTR will record and reproduce 
more than 320 lines. 

Perhaps even more important than the 
reproduction of recorded programs with 
*‘live” telecast quality are the operational 
and economic advantages the Ampex VIR 
can offer to the vast television industry. 
Programs can be recorded directly from the 
television camera, from a television receiver, 
from television transmission lines, or from 
microwave relay systems. Just as with the 
Ampex audio tape recorders, the program 
can be immediately replayed with no process- 
ing of any kind necessary. Considerable 
economy can be effected by the erasing 
and re-using of tape to record another 
program. This is in contrast to photo- 
graphic film which cannot be re-used after it 
has once been exposed. 

Once the equipment has been installed 
and adjusted, operation is as simple as that 
of an Ampex audio tape recorder. To re- 
cord a program, the operator presses one 
button to start recording. To play a re- 
corded program, he simply presses the play- 
back button. 

The machine operates on the same basic 
principles employed in a regular Ampex 
audio tape recorder. Electrical signals are 
passed through a coil around an electro- 
magnet, the recording head. The strength 
of the magnetic field in the recording head 
at any time depends on the electric current 
in the coil at the given instant. In turn, the 
magnetic field impresses a pattern on the 
magnetic surface of the tape as it passes the 
recording head. The pattern on the tape, 
therefore, corresponds to the electrical signals 
in the coil on the recording head. Inasmuch 
as the electrical signals are generated by the 
television camera, the pattern on the tape 
corresponds to what the camera “‘sees”’ at any 
given instant. 
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To reproduce the picture, the tape is 
passed across the same magnetic head. The 
magnetic pattern on the tape induces a 
current in the coil around the head. Since 
the pattern corresponds to the original pic- 
ture, the induced current can be fed to a 
television transmitter just as though it were 
coming directly from the television camera. 

To obtain the resolution of 320 lines, 
Ampex’s VIR must record frequencies as 
high as 4 mc. Sound magnetic tape re- 
corders need only record frequencies as high 
as 15,000 cycles per second. Present day 
magnetic recording techniques demand that, 
to increase frequency response, the tape must 
be moved past the head at higher rates of 
speed. To obtain a frequency response of 
15,000 cycles per second, Ampex audio tape 
recorders use a tape speed as low as 7!/, inches 
per second. By direct ratio, to obtain the 4- 
megacycle response needed for video record- 
ing, tape speed would have to be 2,000 
inches per second. At that rate, a reel of 
magnetic tape 14 inches in diameter would 
record only 29 seconds of program material, 

Ampex engineers have developed a system 
which permits a tape speed of only 15 inches 
per second, permitting more than a full 
hour’s program to be recorded on a single 14- 
inch reel of tape. To achieve this relatively 
low tape speed a magnetic head assembly 
which rotates at a high speed is used, giving 
an effective tape speed sufficient to record 
and reproduce the full 4-mc band width. 
Thus, while the tape moves slowly, the 
heads move across the surface of the tape at a 
very high speed. The head assembly actu- 
ally consists of four heads placed on a rotat- 
ing drum. One head is always in contact 
with the surface of the tape. As one head 
leaves the tape, the next head makes contact. 
The magnetic pattern is recorded trans- 
versely across the tape instead of longitu- 
dinally as in conventional audio recorders. 

The sound that accompanies the picture is 
recorded in the ordinary manner along one 
edge of the magnetic tape. 

At the Chicago meeting, held in conjunc- 
tion with the annual meeting of more than 
200 CBS Television network affiliate officials, 
it was announced that CBS Television has 
placed an order for the first three prototype 
units. Delivery to CBS will be completed by 
late summer, according to P. L. Gundy, 
manager of Ampex’s Audio Division, re- 
sponsible for the development. 


High-Speed Electronic 
Missile Test Device Developed 


Delivery of a high-speed testing device 
which electronically simulates the conditions 
of firing of a guided missile while it undergoes 
production tests was disclosed by the Elec- 
tronic Engineering Company of California 
(EECO), Los Angeles, Calif. “The equip- 
ment was designed and constructed with the 
co-operation of the Hughes Aircraft Com- 
pany, Tucson, Ariz., and is to be used in the 
testing of the FALCON missile at the 
Hughes Tucson plant. 

While it is not possible to reproduce the 
actual conditions of launching, the test 
device will indicate as accurately as possible 
without firing whether the missile will fulfill 
its mission. 

The basic design philosophy and outline 
specifications for the equipment were pre- 
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MAGNETIC HEAD as- 
sembly is being _ in- 
spected by C. P. Gins- 
burg, senior project en- 
gineer in charge of 
video development, 
andP. Ll. Gundy, mana- 
ger of the audio divi- 
sion, responsible for 
Corporation's 
new television tape 
recorder. 


Ampex 


pared by the test equipment engineering de- 
partment of Hughes. From this data 
EECO designed and built the test equipment. 

Under pressure of mass production condi- 
tions, the high-speed device goes through a 
predetermined schedule of tests, indicates 
unsatisfactory tests by means of a series of 
lamps, checks on its own accuracy, and re- 
cords the test results on a punch card. 

Special features of the missile test equip- 
ment include: 


(1) Each step of the testing operation is 
automatically programmed. As each opera- 
tion is performed in the checking out of the 
missile’s electromechanical and electronic 
functions, the equipment proceeds to the 
next test if it receives a satisfactory answer. 
However, if the test is unsatisfactory, the 
sequence is interrupted and the test giving 
trouble is indicated by a lamp. 

(2) A self-checking feature enables factory 
test personnel to check quickly and auto- 
matically against built-in standards and to 
have a date-stamped record of the results. 
(3) Each test result is qualitative, with the 
punched card indicating whether the missile 
is: (a) far above the top limit of the stand- 
ard, (b) above but close to the top limit of the 
standard, (c) inside but close to the top limit, 
(d) inside but close to the bottom limit, or (e) 
far below the bottom limit. 

(4) The device may be instantly modified 
for different missile models by inserting pre- 
wired plugs to alter the test sequences. 

(5) The construction and components are 
designed to minimize failures and break- 
downs under factory testing conditions. 
For example, the stepping switches 
to those used in dial telephone systems ) which 
perform the sequencing 
sealed in an oil bath. 


(similar 


operations are 


Special Offerings of 


Several Educational Institutions 


10-Day Systems Engineering Course: Purdue 
University will conduct a series on Linear 
Automatic Control System Synthesis from 
July 9-20. Feedback theory, from the 
signal-flow viewpoint, root locus methods 
approximations in time and frequency, etc., 
are to be covered. The course is intended 
for engineers who are interested in ad- 
vanced control system theory and for teachers. 


Of Current Interest 


Summer 
part of the 
Massachusetts Institute of Technology will 
include a program to clarify the mode of 
thinking “‘from the inside”’ in discerning the 
elementary particles and their interplay in 


Molecular Engineering Session \ 
1956 summer session at the 


gases, liquids, and solids. Participants will 
be limited in number, and dormitory rooms 
will be available for registrants. Applica- 
tions are obtained from Summer Session 
Office, Room 7-103, MIT, Cambridge, Mass. 

X-Ray Diffraction: Two Norelco X-ray 
diffraction schools will be sponsored free by 


North 


[he first week-long 


Instrument Division of American 
Philips Company, Inc. 
session will be held at the Hotel Morrison, 
Chicago, IIl., from June 4-8. 
will be given at the Sir Francis Drake Hotel, 
San Francisco, Calif., from September 24-28. 
Product 


manufacturing engineers, and management 


The other one 


Automation Seminar: designers, 
from small industries, who want to decide 
whether they should get started in automa- 
tion, will be interested Those who at- 
tend will be told how to integrate standard 
catalogue equipment, hardware, and controls 
when tooling up. The sessions will be held 
on campus The Pennyslvania State Univer- 
sity, from June 10-15, at University Park, Pa. 

Electronic Data-Processing Methods: At two 
August 6-10 and 
pre yram 


one-week sessions held 
August 13-17, a special summer 
course will be given in Electronic Computers 
and Business Problems by the Massachusetts 
Institute of Technology. Detailed facts will 
be on: what a computer amounts to; the 
nature of commercially available cornputers ; 
suitable areas within the 
system which must be selected, analyzed, and 


data-processing 


programmed; programs which must be 
coded in detail so that the computer can 
perform the desired work; and other related 
topics. Details available from 
Session Office, MIT, Cambridge, Mass. 


Operations Research: 


Summer 


A course to provide a 
short intensive survey of methods, techniques, 
and tools, with emphasis on applications in 
business and industry. The two-week course 
is given at Case Institute of Technology be- 
ginning June 4th and ending June 15th. 
Reactor School: The Atomic 
Energy Commission has 
ments with The Pennsylvania State Univer- 
sity and North Carolina University, both of 
which have research reactors, to train 62 
students including 47 2 


Training 


made arrange- 


from 23 
countries in a 10-month session including 


foreign 


593 





unclassified courses in design, construction, 

and operations of reactors for nuclear re- 

search 
Statistical 


Methods in Industry: The de- 


partment of engineering of the University of 


California, Los Angeles, co-operating with 


University Extension and the Los Angeles 
section of the American Society of Quality 
Centrol will have two concurrent courses; 
a basic course in quality control by statistical 
methods and an advanced course in industrial 
session from 


statistics. Classes will be in 


8 a.m. to 5 p.m. from August 6-17 


NEW BOOKS 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
The Institute assumes no 
responsibility for statements made in the following 


sented by the publishers. 


summaries, information for which is taken from the 


prefaces of the books in question 


PLASTICS PROGRESS 1 S$ al liscussions 
e British Plasti ) i ‘ ) Edited by 
Morga! losophica ry, Inc., 15 East 

1 432 pages, 6 by 

ent developments in 

vered in papers 
polymer struc- 
thermoplastics 
jection mold- 


forced plastics 


SYSTEM PLANT lited by O. Taylor 
Newnes Limited, Londor Available ir 
ited States from Transatlantic rts, Inc., Holly- 
Fla } pages, 5 by 83/4 inches. 

Based or ries of lectures for ad- 

i engineers, this book con 

an engineer closely con- 
e of the subject covered 
leals with synchr« is machines of the salient 


1 nonsalient pole type load, frequency, and ex- 


I 
hronous machines; and trans- 
rs ['wo chap- 

rinciples and practices, 


overhead lines 


PROCEEDINGS OF THE ETMA SYMPOSIUM 
Y AUTOMATION niversity of Pennsylvania, 
emt Sponsored the Engineering De- 
tronics-Television Manu- 

ineering Publishers, GPO 

114 pages, 8°/s by 

he papers in these pro- 

ha nation for high volume 

yume productior lata processing 

d redesign for automatic production 

t discussed are automat 

automat ware- 

al control, and pro- 
mechanized wiring 


2 panel discussion on the 


rHE RADIO HANDBOOK lited Orr 
1 and Engineers Lin ner Calif 
edition 1 9 

trade at 

I Principles of 

and sigr pagation in the field 

rt 


frequen ) are stressed in the 


standard work The 32 chapters 
t element nd theory as well as the 
ransmitters, amplifiers 

chapter re- 


and apply the 


rHE REPORT ON UNIDENTIFIED 
OBJECTS dy E. J. Ruppe Doubleday 


Garden ( 195 15 pages, 


FLYING 


and Com 


hes oun ‘ The 


investigate 


author, 


views some of the 
staff and gives an 
1 from identification 
or astronomical 

A number 


s classihed after inknowns 


issed in detail 


PECHNIQUE ET UTILISATION DES JAUGES DI 
CONTRAINTI By l Zelbstein Dunod 


France, 1956 


Paris, 
255 pages, 53/3 by 83/4 inches, bound 
F frs. 1880 This treatise on strain gauges gives de- 
tailed coverage of both the research and practical as- 
pects: physical and electrical characteristics, methods 
of operation, methods of application, various types of 


equipment, and specific examples of use 


ADVANCES IN ELECTRONICS AND PHYSICS 
Volume VII Edited by L. Marton Academic Press 
Inc., 125 East 23rd Street, New York 10, N. Y., 1955 
527 pages, by 9'/4 inches, bound. $11.50 This 
volume covers a wide range of subjects in electronics 
electron physics, and related solid-state phenomenon in 
separate papers grouped under the following headings 
the physics of semiconductor materials; theory of electri- 
cal properties of germanium and silicon; characteristic 
energy losses of electrons in solids; sputtering by ion 
bombardment; observational radio astronomy; ana- 
logue computers; and 


modern electronics An extensive list of references 


electrical discharge in gases and 


accompanies each group of papers 


1955 BOOK OF ASTM STANDARDS INCLUDING 
rFENTATIVES. Published by the American Society 
for Testing Materials, 1916 Race Street, Philadelphia 3, 
Pa Part 1, Ferrous Metals, 1,834 pages, $13.50; Part 
2, Non-Ferrous Metals, 1,516 pages, $11.00; Part 

Cement, etc., 2,062 pages, $13.50; Part 4, Paint, et 

1,416 pages, $11.00; Part 5, Fuels, ete 
$11.00; Part ¢ 
$13.00; Part Fextiles, etc., 1,692 pages, $11.00 
Complete set, seven volumes, 6 by 9!/s inches, bound 
$84. The 

j 


1,496 pages, 


Electrical Insulation, etc., 1,776 pages, 


riennial publication of the complete stand- 


ards of the Society The seven volumes include over 
2,000 specifications, tests, and definitions of terms of 


Each of the 
volumes contains a detailed subject index, as well as a 


which 1,158 are new or revised since 1952 


t of standards in numeric sequence. A separate index 
covering all the volumes is provided with each complete 
set lo keep the book up to date, supplements to the 


various parts will be issued in 1956 and 195 


PAMPHLETS 


The following recently issued pamphlets may be of 
interest to readers of ‘Electrical Engineering.”’ All 
inquiries should be addressed to the issuers. 


Television, How It Works, 2nd Edition 
The only prerequisite for getting the most 
from this book by J. 
mentary working knowledge of electricity 


R. Johnson is a rudi- 
and radio circuits. It covers television re- 
ceivers in general, as is now possible because 
of the stabilization of circuits in use today. 
The book covers each of the several parts of 
a receiver, from the antenna to the picture 
tube, a chapter to each. The fundamentals 
of a color television receiver are treated in 
The book is 5!/, by 8!/, 
inches in size. 352 pages. $4.60. Order 
from John F. Rider Publisher, Inc., 480 
Canal Street, New York 13, N. Y. 


the last chapter. 


The Engineering Societies Directory. A 
complete list of all engineering societies in 
the United States, together with pertinent 
information about them, will be published 
by Engineers Joint Council (EJC) tenta- 
1956. The Directory 
will be a new publication, not a revision, of 


tively as of June 1, 


the Engineering Societies Yearbook, which 
was published in 1948 and has been dis- 
mailed to all 
known societies, should be returned to EJC 
by March 1. 
such a questionnaire by that time, it should 
contact Engineers Joint Council, 29 West 
39th Street, New York City. The Directory 
will be the only complete listing of engineer- 


continued Questionnaires, 


If a society has not received 


ing socieites at all levels and will be available 
at $3.50 per copy. 


Discontinuities in Open-Wire Lines, PB 
111700. 


A correction for the variations in 


Of Current Interest 


the parameters of the transmission line or 
termination is discussed in this report of 
electrical research by the U.S. Navy. The 
report has just been released to industry by 
the Office of Technical Services (OTS), 
U. S. Department of Commerce 
ing to the 


Accord- 
report, the discontinuities in 
open-wire lines may be rectified by intro- 
ducing junction-zone networks of lumped 
series and shunt elements which may be 
evaluated for each discontinuity. Junction- 
zone networks are obtained for a bend, a 
shunt T-junction, and series T-connections 
with applications to certain types of antennas 
in an otherwise uniform two-wire line or 
single-wire over an image plane. ‘This re- 
port extends the work of previous investi- 
gation in the sense that a simple closed for- 
mula is obtained which, while restricted in 
range, applies with reasonable accuracy to 
most lines used in practice. 
Harvard University for the Office of Naval 
Research, July 1954, is available from OTS, 
U. S. Department of Commerce, Washing- 
ton 25, D. C. Price, $1.75. 


contains figures and references. 


The report by 


62 pages. It 


The Use of Selenium Photocells and Sun 
Batteries. By John 
for technicians, 


Sasuga. This guide 
experimenters, and engi- 
neers in science and industry contains the 
basic theory and typical applications of 
Typical 
devices may contain relays, transistors, or 


photovoltaic cells. photoelectric 
other components, which together with the 
photoelectric cell make possible their opera- 
tion. The technique of integrating these 
various components into a practical device 
involves a special technology and some 
knowledge of the basic principles of photo- 
electricity. It is the purpose of this book to 
present the necessary knowledge and tech- 
nology and to apply them to many interest- 
ing and practical devices. ‘The main topics 
covered by the chapters of this booklet are 

light 
photoelectric 
photometers; 


light-powered devices; sources and 
illuminators; 
simple connections; 
relays; ultrasensitive relays; and light beam 


communication. 58 


beam relays, 


unusual 


including ap- 
$1.50. Avail- 
distributors 


pages, 
bibliography. 
electronic 


pendix and 
able from parts 
throughout the country or may be ordered 
directly from International Rectifier 
poration, 1521 East Grand Ave., El Segundo, 
Calif 


Cor- 


Proceedings of the World Symposium on 
Applied Solar Energy. First distribution is 
to the 800 registrants to the symposium, held 
last November in Phoenix, Ariz. Published 
by Stanford Research Institute for the 
Association for Applied Solar Energy, it con- 
tains 30 papers by internationally recognized 
authorities on solar energy. Subjects in- 
clude solar water heaters, solar collector 
design, solar energy conversion, and algal 
culture studies. An opening 7-page section 
contains pictorial highlights of symposium 
sessions and of the Solar Engineering Ex- 
hibit, held in conjunction with the sym- 
posium. The final section of the proceed- 
ings is a summary of the concluding session, a 
which dealt 
Applied Solar Energy.” 
$5, postpaid. Orders should be 
directed to Mr. John I. Yellott, secretary for 
the Association for Applied Solar Energy, 204 
Heard Building, Phoenix, Ariz. 


round-table discussion, with 
“The Future of 


300 pages. 


ELECTRICAL ENGINEERING 





R BUS CHANNELS—HARD DRAWN 


H-CONDUCTIVITY COPPE 


ANACONDA HIG 


SINGLE BUS CH ANNEL 


CHANNEL SQUARE BUS 


With Respect to Y-Y Axis D-C Re- 


With Respect to X-X Axis sistance 


60-Cycle 
Current 





\ Distance Section 
trom 


Radius 
Modulus, 4 


~ Rating 
Radius 


Nominal 
nt 
ores Ln pet Foot 
in 
Section Height, Wid 
No. in. tn 0.409 0.244 0.0625 0.8258 


Moment 


Section 


Back of 


Moment 
yt 


ind 


Modulus 
in3 


0.6856 
0.8558 


9 
Inertia = 
nertia, n 
in’ 


Channel, 
In 


0.3844 
0.4016 


a 
Inertia, 
in. 


o 
Gyration 
In 


Ratio (D 
1.03 


1.07 
1.1 


Amperes (¢ 
2200 
2500 
2800 





1.064 
1.369 


0.4240 
0.0625 


1.0625 


0.193 
125 


0.409 
0.409 


ANA : | . 
CONDA HIGH-CONDUCTiViTy VENTILATED SQUARE ¢ 


° $rex 
| Drilled Holes _— ~_ TUBES (PERFORATED WALLS), HAR 


With Respect to X-X Axis 
Moment * 


Outside Dimensions, in 


Nominal a 
ize, 

Corner 
Radius 


0.375 | 0.125 
0.375 | 0.1875 
aAnrw« 0.250 


f 3125 


Spacing | Avera, 
Center| Weight, | Cross Sectton (a) 
to Pounds | 
per 
Foot 


Square 


3.00 
3.00 
00 


Diagonal 


3.934 
3.934 


With Respect to Y-Y Axis 


M 
Radius of — 
Gyration 
In 


Square 
i. Thousand 


Section 
it, Mils 


o 
Inertia (b) 
in Modulus Section Radius of 
in.3 Modulus 
In 


o 

Inertia (b) 
in4 Gyration 
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ANACONDA HIGH-CONDUCTIVITY COPPER BUS — 
STANDARD PIPE SIZES, REGULAR, HARD DRA 





D-C Re- 

sistance, 60-Cycle Current 
Microhms Rating, Amperes (c) 
per Foot 4 ~ ees 


t 20 C. ; 
8 F Ratio (b) Outdoos 


34.22 


Cross-Sectional Area | 

of Copper 
| Thousand | 
Sq. In. Cir. Mils__| 


0.2464 313.7 


Nominal Dimensions, In. 





Radius 
Nominal ft 


Moment 
f 
Weight, 


Section 
Modulus, 
in.3 


0.04024 


Wall 
Thick- 
ness 


0 
Inertia, 
in.4 


0.01690 


Indoor 
Inside 


Diameter 


(a) 





0 
salt ~The 
Lb. x 
| Fd per Foot 
ia 


0.955 








0.2619 


The table headings above are typical of the new informa- 
tion just published by The American Brass Company—to 
help make the selection of bus conductors easier and 
quicker. There are comparable tables for other rigid bus 
conductor shapes in the more commonly used sizes. In 
addition, convenient data is available for bare copper wire 
and cable and the most widely used Anaconda alloy wires. 

For preliminary analysis—for many normal jobs—this 
new information can save you time, eliminate lengthy cal- 
culations. You'll find it in the brand-new Fifth Edition of 
The American Brass Company’s 62-page Publication C-25, 


“Anaconda Copper for Electrical Conductors,” which 
has much hitherto unpublished information to help you. 
The services of The American Brass Company’s Tech- 
nical Department are available to help you in the solution 
of special problems involving the use of Anaconda Bus 
Conductors. For such help—or for a copy of “Anaconda 
Copper for Electrical Conductors”—see your nearby Ana- 
conda representative. Or write: The American Brass Com- 
pany, Waterbury 20, Conn. 


ANACONDA’ 


THERE'S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


“LOL 


WIRE & ROD FLAT BARS 


ROUND VENTILATED 


SQUARE TUBES 


TUBES SQUARE TUBES 


CHANNELS 
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Hevi Duty Transformers 
are backed by complete 
engineering service 


Ace Central States Machine Tool Company, De- 
troit, uses a Hevi Duty Transformer on this 
control panel, designed and built for one of 
America's best known companies. They chose this 
transformer because its electrical characteristics 
cre right and its compact size and neatness com- 
pliment the over-all appearance of high quality. 





Hevi Duty Engineering service goes 
far beyond recommending a suitable 
transformer. If none of the units in 
their broad line is exactly right, ex- 
perienced engineers will develop one 
that meets your requirements in ev- 
ery detail. Further, they are geared 
to swing quickly from specialized de. 
velopment to full-scale production 

This combination of a broad 
standard line, complete engineering 
service plus the ability to go into 
production quickly has proved valu- 
able to many Hevi Duty customers. 
We invite you to take advantage of 
this service. 

Write for Bulletin HD-499 for de- 
tails on standard Hevi Duty Trans- 
formers from 2 VA to 2,000 KVA or 
describe your special requirements. 


HEVISD-U--Y. 
HEVI DUTY 
ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces .. . electric exclusively 


Dry Type Transformers 
Constant Current Regulators 
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INDUSTRIAL NOTES... 


Electronic Cable Manufacture. A recent 
entry into the growing electronic industry 
in Southern California is Pacific Automa- 
tion Products, Inc., Glendale, Calif., 
specializing in the design, engineering, and 
manufacturing of electronic cable for 
missiles and industry. In keeping with 
emphasis on individual component develop- 
ment for the complex, efficient electronic 
systems used in automation today, Pacific 
Automation Products has developed a new 
concept: treat the inter-unit electronic 
cable as component, complete with con- 
nectors, ready to install. 


Campaign To Reduce Accidental Falls. 
The National Safety Council will begin an 
intensive nation-wide campaign to reduce 
accidental falls. The campaign will seek 
to reduce the number of falls in all areas by 
focusing the attention of management and 
workers on this type of accident. The 
Council has singled out falls for special 
emphasis because of their great incidence 
in the total accident picture. Most falls 
can be prevented by voluntary individual 
behavior. Thus, the campaign not only 
will seek to enlist management’s support in 
removing unsafe conditions that may cause 
falls, but also will present safety personnel 
with an assortment of training aids designed 
to arouse the worker’s enthusiasm for pro- 
tecting himself. Among the materials will 
be booklets, films, banners, posters, flip 
charts, five-minute safety talks, and safety 
instruction cards. For a sample booklet 
and a complete list of materials and prices, 
write the National Safety Council, 425 
North Michigan Ave., Chicago 11, Il. 


Submarine Radar ‘“Eyes.’’ The far 
ranging radar “eyes” of the picket sub- 
marine U.S.S. Salmon, which was launched 
at Portsmouth, N. H., are being designed 
and built by the Raytheon Manufacturing 
Company, Waltham, Mass. The Salmon is 
a sister ship of the U.S.S. Sailfish which was 
launched in September 1955. Both are 
radar picket vessels designed specifically to 
serve as roving Outposts, or sentries, to 
guard against surprise attack by enemy 
aircraft or ships. The air-search radar to 
be installed on the Sailfish was also de- 
veloped by Raytheon. The Navy’s picket 
submarines serve as a vital part of the 
nation’s continental defense ring, which 
includes the DEW line (Distant Early 
Warning) system in the far North, for which 
Raytheon also was selected to develop the 
radars. 


New Process for Aluminum, The prob- 
lem of practical utilization of relatively 
abundant aluminum for electrical con- 
ductors, and connections with existing cop- 
per alloy materials has been solved by a 
new process which provides an integrated 


surface of pure silver on aluminum bus bars 
developed by Federal Pacific Electric Com- 
pany at its Eastern Switchgear Division in 
Scranton, Pa. The bus is approved by the 
Underwriters’ Laboratories for plug-in 
electrical connections. The process results 
in the replacement of surface layer alumi- 
num crystals with those of pure silver. It 
eliminates bridging of oxide or other surface 
impurities that frequently occur during 
electroplating. Uniform coatings of silver 
are obtained on the walls of drilled holes 
and adjacent areas where electrical connec- 
tions are made. The silver surface provides 
ideal electrical characteristics with self- 
cleaning properties of the noble metals. 


Transistor Plant in Boston. Minne- 
apolis-Honeywell Regulator Company has 
announced plans for establishing its ex- 
panding transistor division in a new loca- 
tion in the Boston area. The division is a 
major producer of power-type transistors, 
both for the company’s own use and for 
sales to industry and the armed forces. The 
new facilities will be leased in Boston to 
house the division’s various activities, in- 
cluding engineering, production, and sales. 
The transfer to the new location will be 
made as soon as the facilities are available. 
The division will establish an applied re- 
search section to expand the application of 
high-power transistors to new markets. 
The company’s basic research work in tran- 
sistors will continue at the Honeywell 
research center in suburban Minneapolis, 
its main plant, where the high-power units 
now in production were originally de- 
veloped. The Minneapolis research will be 
concerned with fundamental studies in the 
semiconductor field. 


California Branch Established. The new 
branch of Federal Telecommunication 
Laboratories, of Nutley, N. J., a Division of 
International Telephone and Telegraph 
Corporation (IT and T), has been estab- 
lished in the San Fernando Valley district 
of California. The branch is intended to 
meet the growing electronic research and 
development needs of the aircraft and other 
West Coast industries. The new labora- 
tories occupy the first of a projected series 
of five structures which will adjoin each 
other on 13 acres of property just inside the 
Los Angeles city limits. The buildings will 
also house the West Coast offices of Federal 
Telephone and Radio Company of Clifton, 
N. J., an IT and T manufacturing division. 


High-Speed Computer. The IBM 704 is 
being installed at the Livermore site of the 
University of California radiation labora- 
tory. The laboratory is operated by the 
university for the Atomic Energy Commis- 
sion. Laboratory officials said the machine 
will add to the installation’s capacity to 
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VOLTAGE REGULATED 
POWER SUPPLIES 


for powering elechonie. equipment 





with NEW-IMPROVED FEATURES 


“ER 





* FAST recovery TIME 


* GOOD stasuity 
* LOW output impEDANCE 


KR Voltage Regulated Power Supplies are conservatively 
rated and are designed for continuous duty at 50°C ambient. 
REGULATION: Less than 0.2 volts for line fluctuation from 105- 


125 volts and less than 0.2 volts for load variation from 0 to 
maximum current. 


RIPPLE: Less than 3 mv. rms. 


STABILITY: The output voltage variation is less than the regula- 
tion specification for a period of 8 hours. 


RECOVERY TIME: Less than 50 microseconds. The excursion in 
the output voltage during the recovery period is less than the 
regulation specification. 


OUTPUT IMPEDANCE: Less than 0.1 ohms from 20 cycles to 


100KC. Less than 0.5 ohms from DC to 20 cycles. Many units 
have very much lower output impedance. 


KR-3M 


FEATURES: 


1.5 Amp. KR SERIES 





Model 


Volts 


6.3V AC 


Rack Mount 
w H D 





KR16 


0-150 


Each supply 





KR17 


100-200 


has two 





KR18 


195-325 


15 Amp. 








KR19 





295-450 





outputs 


19” }12%” 





19” }12%” 





19” }12%” 














19” |12%” 








600 ma. KR SERIES 





Model 


Voits 


6.3V AC 


Rack Mount 
w H D 





0-150 


Each supply 





KR5 


100-200 


19” }104%”} 13” 





has two 





KR 6 


195-325 


iv” 


1042” | 13” 





10 Amp. 





KR7 








295-450 


19”}1042”| 13” 











outputs 


19”} 1042”| 13” 














300 ma. KR SERIES 





Volts 


6.3V AC 


Rack Mount 
D 





KR 12 


0-150 


Each supply 





KR 3 





KR4 


195-325 


100-200 | 


has two 
5 Amp. 








KR 10 





295-450 





outputs 


19” 11” 





19” 11” 





19” 11” 














19” 11” 











125 ma. KR SERIES 





Model 


Volts 


6.3V AC 


Rack Mount 
wih D 


Price 





KR 11 


0-150 


Each supply 





KR 1 


100-200 


has one 





KR 2 


195-325 


3 Amp. 








KR 9 





295-450 





output 


1¢'[7” | 11” 


$180 





19” 17" [7% 


$ 90 





19” |7” |7%” 


$ 90 














19” 7” 7 YW ” 





$ 97 

















@ Fast Recovery Time, Suit- @ Power Requirements 105- 
able for Square Wave Pulsed 125 volts, 50-60 cycles. 
Loading. ware ’ 

@ Voltage Range continuously * Terminations on rear of unit. 

@ Locking type voltage control 


variable without Switching. 
@ Either Positive or Negative AC, DC Switches, Fuses, and 
may be Grounded. Pilot Lights. 
@ Oil Filled Condensers. 
rtone. 
@ Wire Harness and Resistor @ Gihe Gey Renee 
Board Construction. @ Guarantee One Year. 


3 1) 
\iercol  ¢-1 cetodm w-V-fe),7-wne)i 1) t— 


131-38 SANFORD AVENUE - 
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To include 3° Current and Voltage Meters, Add M to Model 
number (e.g. KR 16-M) and Add $30.00 to the Price. 
To include Dust Cover and Handles for Table Mounting, Add C to 








All models available for 400 cycle operation on special order. 


FLUSHING 55, 


Model number (e.g. KR1G-C) and Add $10.00 to the Price 
To include Meters, Dust Cover and Handles, Add MC to Model 
number (e.g. KR-16 MC) and Add $40.00 to the Price. 


PRICES F.0.B. Flushing. 





A LINE OF 50 MODELS 
Available from Stock — Catalog on Request 


N.Y. * INDEPENDENCE 1-7000 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 














7.8 kv—5,000 amps 
15 kv—4,000 amps 


allows front venting... 
eliminates contact burning 
On THE HEAVY buty KEARNEY rye «c” TRIP-OUT 


This exclusive Kearney shock-absorbing contact construction allows the 
fuse cartridge to be front vented. Burning gasses are directed harmlessly 
: away from the contact. The recoil is absorbed by two-way stainless steel 
springs. The whole cutout is designed to ‘‘roll with the punch.” 
With no burning gasses or damaging shock against it, the top contact 
remains as strong and tight as new... even after interrupting many faults. 
Notice that the covered design of the contact provides plenty of protection 
against weather and foreign matter. 


JAMES R. KEARNEY CORPORATION 
4224-42 CLAYTON AVENUE - ST. LOUIS 10, MISSOURI 
Canadian Plant: GUELPH, ONTARIO 
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CUTOUTS FIELD TESTED... 


Here at KEARNEY’s Substation Laboratory of 
150,000 KVA Transformer Capacity—with a 
back up power of 445,000 KVA all equipment 
is tested under rigorous field conditions. 
KEARNEY Certified Ratings are actual, proved 
performance ratings...not just theoretical 
calculations. You can be sure they will do 
the job they are supposed to do...with a 
generous margin of safety. 


JRK-310R 


for BETTER CONSTRUCTION 
SAFER MAINTENANCE 








EXTRA HEAVY 
DUTY—Type “G”’ 


7.8 kv—10,000 amps 
15 kv—8,000 amps 


Has the same advantages as the Heavy 
Duty Type “G” plus a more rugged 
fuse cartridge to withstand repeated 
high faults. Cutout is equally depend- 
able for interrupting low current faults. 
Opening action causes the burned link 
to-be “whipped” out...assuring a 
fast, complete interruption... without 
having to depend on expulsion force. 











| mars 
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How to Charge 


HIGH-FLUX 
Magnets 


Day-long 
production 
charging in 
complete 
safety and 
comfort. 











RECOMMENDED BY 
LEADING MAGNET MAKERS 


This high powered condenser discharge 
unit will saturate large Alnico and ceramic 
permanent magnets of any shape, using 
interchangeable, plug-in pulse transformers 
or wire-wound fixtures. 100,000 ampere- 
turn output of basic unit can be increased to 
200,000 ampere-turns at any time by adding 
100 nf condenser banks and appropriate 
pulse transformer. Adapters for multi-pole 
rotors, rod, bar, ring and various other 
shapes are available. 


Operates from regular 115 volt, 60-cycle 
line with only intermittent 10-ampere drain 
(the few seconds when condensers are 
charging). Mounted on casters for conven- 
ient mobility. Price of basic unit with pulse 
transformer is less than $2,000. 


Diageo WE CAN HELP YOU 
ft: | Our 12 years of magnet charging 
| experience is yours for the usking 
— send a sample magnet or sketch 
| for free charging analysis. 


ao for Technical and Application Data. 
Kadio Frequency 


LABORATORIES, INC. - 
Boonton, New Jersey, U.S.A. 


Please mention 





Industrial Notes 
(Continued from page 14A) 


make mathematical calculations essential 
in its program of research on basic science 
and on classified problems connected with 
nuclear weapons development. The labora- 
tory already has other machines, including 
an IBM 70/7, for computing work. The 
new computer is larger and faster than any 
of the machines now at Livermore. It will 
make more than 10,000 additions per 
second, while keeping track of the decimal 
point, as well as 5,000 multiplications or 
divisions per second. The new machine 
will be leased by the laboratory. 


Telephone Cable Facilities Expanded. 
The Anaconda Wire and Cable Company 
announces that extensive equipment is now 
being installed for the production of paper 
insulated, lead covered telephone cable. 
It is anticipated that these new facilities 
will be in production during the second half 
of 1956. These facilities, together with ex- 
pansion in the plastic telephone cable divi- 
sion, will round out a complete service to 
users of these types of products. The serv- 
ices of personnel with long experience in 
the communication field have been ob- 
tained for this program. Additions have 
been made in both staff and field engineer- 
ing, as well as the research and develop- 
ment departments. 


Molybdic Oxide Capacity Doubled. Cli- 
max Molybdenum Company’s pure molyb- 
dic oxide capacity, currently 2.7 million 
pounds a year, will be doubled by the in- 
stallation of a second sublimation furnace 
at its Langeloth, Pa., plant. “Reason for 
the expansion is the increase in demand for 
applications requiring molybdic oxide of 
high purity, mainly catalysts and molyb- 
denum metal for powder metallurgy and 
super-alloys. Molybdenum catalysts are 
finding increasing acceptance, particularly 
in petroleum reforming and desulfurization 
processes, because of their exceptional re- 
sistance to poisoning by sulfur and other 
contaminants, high catalytic activity and 
economy of use. 


Dark Trace Tube. Increased demand for 
use of the Skiatron Dark Trace Tube in 
transmission by closed circuit television of 
business information and in air traffic con- 
trol operations has resulted in a contract for 
production of these unique tubes for the 
Skiatron Electronics and Television Cor- 
poration by National Union Electric Cor- 
poration at its Orange, N. J., facility. The 
Skiatron tube makes it possible for pictorial 
retention, as long as desired, of such infor- 
mation as bank records, stock exchange 
data, signatures, and weather maps after 
they have been transmitted by radar or 
television signals over regular telephone 
wires, 


Far East Reactor. The first nuclear reactor 
for the Far East will be built by Atomics 
International, a Division of North Ameri- 
can Aviation, Inc., for the Atomic Energy 
Research Institute of Japan. A contract 
between the two organizations calls for 


(Continued on page 20A) 
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PRECISION 
ATTENUATION 
to 3000 me! 


SINGLE ‘“in-the-line” 
ATTENUATOR PADS 
and 50 ohm COAXIAL 
TERMINATIONS 





PROTECTED UNDER STODDART PATENTS 


This new group of pads and termina- 
tions features the popular Types C 
and N connectors, and permits any 
conceivable combination of the two 
styles. 


PROTECTED UNDER STODDART PATENTS 


six-position 
TURRET ATTENUATOR 


©@ Frequency Range: dc to 3000 mc. 

@ Characteristic Impedance: 50 ohms 

© Available Attenuation: Any value 
from 1 db to 60 db. 

® Accuracy: +0.5 db. 

@ Power Rating: One watt sine wave 
power dissipation. 


STODDART 
Aircraft Radio Co., Inc. 


6644-B SANTA MONICA BLVD 


\ HOLLYWOOD 38, CALIF. » HO ic 
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a com plete line — 








ENGINEERING DATA 


Helpful material for planning electrical systems 


1. POWER. Bulletin 133 con- 
tains dimensions, performance 
data and other essential infor 
mation on Uptegraff Power 
Transformers, 750 to 10.000 KVA. 


3. DISTRIBUTION. This bul- 
letin contains detailed specifi- 
cations of Uptegra ff liquid-filled 
Distribution Transformers, 150 
to 500 KVA inc.—ratings, per 
formance data, dimensions 
weights and other data. Bulletin 
136. 


2.LOAD CENTER. Uptegraff 
liquid-filled Load Center Trans 
formers in eighteen ratings, from 
150 to 2500 KVA, 3-phase are 
described in Bulletin 132-A 


4. OVERHEAD. Characteristics, 
dimensional details, ratings and 
other data on Uptegraff type 
UD Overhead Distribution Trans- 
formers are given in Bulletin 135 


VIII IAA ALOT Add 


we 
yt , 


All standard commercial ratings from 3 to 10,000 KVA are 
available in the complete line of Uptegraff Liquid-Filled 
Transformers—and special designs are readily available for 
applications where standard units are not entirely suitable. 
Prompt deliveries can be arranged, and all Uptegraff Trans- 
formers are fully guaranteed. They meet or exceed ASA, 
NEMA and AIEE standards. 

Extensive experience by this firm, whi specialized 
exclusively in the design and manufacture of transformers, 
assures the efficiency, dependability and long life of Uptegraff 
products. The Uptegraff Engineering Data Books illustrated 
at the left provide a wealth of information useful to executive, 
engineering and operating departments. We will gladly se 
copies to anyone interested. Please write on company 


letterhead. 





R. E. UPTEGRAFF MANUFACTURING CO. 


When requesting copies of above publications, 


; Scottdale, Pennsylvania 
please write on your company letterhead. . 
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.. PACING THE TREND 


© 12-VOLT 


AUTOMOTIVE 
ELECTRICAL SYSTEMS 


STACKPOLE CARBON COMPANY 


ST. MARYS, PA. 





Industrial Notes 
(Continued from page 18A) 


completion within one year of a 50-kw 
nuclear research reactor to be located near 
Tokyo. The Atomic Energy Research 
Institute, a nonprofit foundation sponsored 
by the Japanese Government and industry 
will use the reactor for studies in the field 
of botany, biology, agriculture, materials 
research, production of radioisotopes, and 
student training, in addition to general re- 
search in the nuclear field. The reactor for 
Japan will be similar to the industrial re- 
search reactor designed and built by 
Atomics International for the Armour Re- 
search Foundation in Chicago, IIl., which 
will begin operating in about a month. 
The solution type reactor will be fueled 
with uranium dissolved in water. About 
2'/s pounds of nuclear fuel will be required. 
Arrangements for fuel will be made _ be- 
tween the Japanese and the U. S. Govern- 
ments. The contract for sale of the reactor 
is subject to the terms of the Atomic Energy 
Act of 1954, and other regulations of the 
Atomic Energy Commission. 


Improved Conductor Identification 
Method. General Cable Corporation is 
now prepared to furnish an improved 
method of color coding the individual rub- 
ber insulated, neoprene jacketed conductors 
of multiple conductor power and control 
cables. The new process consists of the 
application of brightly colored synthetic 
rubber base coatings, supplemented where 
necessary by colored stripes, to the surface 
of the black neoprene jacketed conductors. 
This method of conductor identification 
complies with Insulated Power Cable Engi- 
neers Association Standard  S§-/9-87, 
Method 1 and will result in improved cable 
quality through the use of black neoprene 
jackets throughout, brighter more easily 
recognizable colors, positive conductor 
identification on immediate inspection, and 
generally improved cable appearance. 


Bare Aluminum for Cables. Bare alumi- 
num has been used for the first time in the 
United States as aerial power cable sheath- 


ing in two 6,000-foot transmission lines at 
North Tonawanda, N. Y. The use of 
aluminum in place of conventional lead 
produced a sheathing six times as strong 


(Continued on page 30A) 


Please mention ELECTRICAL ENGINEERING when writing to advertisers JUNE 1956 











A=) 
CO ee 


Fe Velelifer-tilelst-z 


Saket mm tale let-iiut-\Mr- tale Maliclami-lsslel—ie- lilies | 


Tali jernaete nal 


yi itenn 


foTo)' "f-3 me i ele [-t-3 












Operating temperature range: —55° C to +-150° C 
PIV ratings from 50 volts to 600 volts 


Rectified DC current range: 100 ma to 1.25 amperes* 







*Mounted on cooling fins 


! 
ral 
— 





a 


IN FULL 
STUD MOUNTED PIG TAIL LEAD CONSTRUCTION 
PRODUCTION ! ' ALL-WELDED 


HERMETICALLY SEALED 
SHOCK-PROOF 
HOUSING 

No solders or fluxes 
used in sealing 


TWO STYLES AVAILABLE 


Standard type for 
industrial Power Supply 


International silicon diodes are the result of 


8 years experience in the development of advanced 


Application 
rectifier products. ..all manufactured to the highest standards . Extra Low Leakage type 
for magnetic amplifier 
of reliability in the industry! INTERNATIONAL RECTIFIER... application 


the complete line-SELENIUM-GERMANIUM-SILICON 


Taki-jwat-natelal-)m-t-tendbal-) « 


c ° R P °o R A T I Oo 


EXECUTIVE OFFICES: EL SEGUNDO. CALIFORNIA + PHONE OREGON 8-6281 
NEW YORK: 1 E. 70TH ST., TRAFALGAR 9-3330* CHICA 205 W. WACKER OR., FRANKLIN 2-3889 


ADA: ATLAS RA RP TO., WING AVE. Ww RONT NTAR R é 4 
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~ Electrical 
~— Contacts 


Drum Controllers, 
Contactors & Starters 


another group 4 
of Morganite’s 
family of 
specialized 
carbon products. 








“g 


A 


Aa 


Our engineer 





( 


High electrical conductivity ° Non-welding 
Self-lubricating « Greater 


mechanical strength 


Until now, the lower electrical 
conductivity and mechanical strength- 
of carbon compared to metals have 
limited its sphere of use. However, a 
new range of metal carbon materials 
recently developed by Morganite 
have overcome these limitations. These 
new materials incorporate metals 
in a refractory carbon base, vastly 
improving both the electrical 
conductivity and mechanical strength, 
while retaining all the other 
valuable properties of carbon. 


Morganite Metal Carbon Contacts 
are being used successfully on 

an increasing scale with these 
advantages: 

@ periodic lubrication of moving 
segments, essential with copper, 

is no longer necessary. 


@ scored segments are avoided. 


@ burning and pitting are greatly 
minimized, resulting in increased life of 
the contacts and their mating surfaces. 
@ Morganite Metal Carbon Contacts 
cannot be wetted by molten metals. 
Should arcing, due to contact bounce, 
be severe enough to melt the 

surface of the metal, there can be no 
danger of a Morganite contact 
welding to its mating surface 


@ trouble-free cil-immersed operation. 


s will be glad to discuss your 


particular problems with you. Simply write— 





4tth Avenudy:tong lehund Cy’ 1, Now York 


Manufacturers of fine carbon-graphite products f fifty 
Kt 2 
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CONTACT 


BLED 
A RST NERC 
FIRST 
FOR SPECIALIZED SKILL 
IN MAKING 
CONTACT ASSEMBLIES 


—“ 
‘ ; 
ee Gibson engineering 
~ _— in developing economi- 
ct assemblies f 
nta or y 
product is unsurpassed. een 


a 
payee SERVICE Gibson offers 
coe ete line of contact mate- 
—. orms and assemblies to fill 
quirements of your product 


© FL i i 

ates aoe S versatility in 
other oauaine a oar cee os 

' j product— 
Coupled with round-the-clock reli 
= na bles us to give you 
= P dey want... on time. Our 
SS ae electrical contacts. 
ibson first about contacts 


(ater Catalog C520 | 
ee ibson First i 


Contact G 


fib i 
sil y 
ELECTRICAL tot 


anujachired by 


Gipson Etectric COMPANY 





8348 Frankstown Ave., Pittsburgh 21, P 
r . Pa. 
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OMIT IE} 
Taper -weuna 


RHEOSTATS 


] 


A smaller rheostat may often be used for a given load by 
having the rheostat windings tapered or wound in two or more 
sections of diminishing wire sizes. This can be done because only 
the first turn of the winding carries the maximum current... 
succeeding turns carry reduced 


amounts. This makes possible 


great savings in control-panel space, making Ohmite taper-wound 
rheostats particularly useful in portable equipment. Ohmite taper- 
wound rheostats are also very durable because they use the largest 
wire sizes practical for the current to be carried. 


MORE UNIFORM CONTROL—For a given application, the 


tapered winding also provides more uniform control. Because a 


EQUIVALENT TAPER-WOUND 


linear-wound rheostat adds a constant number of ohms per degree 
of rotation to a constantly increasing number of ohms, the current 


changes more slowly as the resistance is increased. 


A tapere d 
winding, by increasing the number of ohms per degree of rotation 
as the total ohms in circuit increases, makes the current curve 


more nearly linear. 


Ohmite has an extensive line of standard tapered rheostats, or 
will design special tapered windings to suit individual needs. 


Write on company letterhead for 
Catalog and Engineering Manual No. 40. 


OHMITE MANUFACTURING COMPANY, 3614 Howard Street, Skokie, Illinois (Suburb of Chicago) 


IEOSTATS SOLD THAN ALL OTHER MAKES COMBINED 


CehKiyhtwih 
©) YN aT 


RHEOSTATS © RESISTORS © RELAYS © TAP SWITCHES 
“© 


a ? ia e2% He DD, ™ 





interlocked armor cable 


Um .T € OD a DAT. 2.4 > T Ett 








now available up to 4° core diameter 


T° meet the demand for larger sizes, only about 1/3 as much as standard 
Tiger Brand Armorlokt cable is now conduit/cable methods. There is no 
being made in sizes up to four inches costly conduit bending and _ fitting. 
core diameter. Armor can be made from Splices can be made anywhere along the 
either galvanized steel or aluminum. cable’s length—and quickly, too. 


Tremendous installation savings are Just call your nearest American Steel 
available with these larger sizes of Tiger & Wire representative. 
Brand Armorlokt. The assembly weighs 


os 


—— 


A STANDARD TIGER BRAND CABLE 
FOR EVERY SPECIAL JOB! 
® asbestos wire and cable 
© mold cured portable cord 
® aerial, underground and submarine cable 
® shovel & dredge cable 
® paper & varnished cambric cable 


oe lh ign no ®@ machine tool & building wire 
| AND CABLE fe 
x 


7 ® special purpose wire & cable 


N%, 1 9 | 
MPa 
“GEE ; 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS Tiger Brand Electrical Wire & Cable 
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DO THESE 
TRANSFORMER 


DESIGNS 
GIVE 


you 
ANY 


If you have a prob- 
lem with the con- 
trol, adjustment, 
regulation, stabiliz- 
ing, reduction or 
increasing of elec- 
trical voltage — 
then tell your trou- 
bles to the Acme 
Electric engineer- 
ing department. 

A complete staff of 
transformer engi- 
neers will help you 


develop the kind of 
transformers that 
ca can make your pro- 


This 75 VA unit 
provides stabilized 
voltage and prevents 
light fluctuation on 
one of the world’s 
best photo enlargers. 


ducts more reliable. 


FOR CORRECTING 
LOW VOLTAGE 
CIRCUITS 


This is a Boost and Buck 
Transformer, used to supply 
230 volt, single phase, 60 
cycle from a 208 volt circuit. 
A quick and economical way 
of getting top performance 
from motors installed on 
under-voltage lines. 


This shell type transformer, 230 
volt primary, 60 cycle, 24 volt 
secondary is protected with a 
built-in fuse for maximum safety. 


ACME ELECTRIC CORPORATION 


226 WATER ST. 


CUBA, N. Y. 





Every Degree 
between 
90° leading to 
90° lagging 


You can have any 
leading or lagging phase 
angle by manually con- 
trolling the position of 
the rotor of the KNOPP 
PHASE SHIFTER. 

Smoothly and contin- 
uously variable, it is 
quick and easy to use for 
testing electronic equip- 
ment and their control 
circuits, watt-hour met- 
ers, rotating standards watt- 
meters, power-factor indicators 
induction relays, and instrument 
transformers. 

Has two direct-reading scales 
One is calibrated in degrees for 
the electrical angle of displace- 
ment; the other, in correspond- 
ing power-factor values. 

Compensates for any phase 
displacement between current 
and potential of test setup that 
may be introduced by other 
portions of the circuit. Thus 





STAVOLT 


POWER 
RECTIFIERS 


Mag-Amp Control 
Stable, Fast 
15 to 1500 amps 


it gives true-power-factor-read- 
ings under all conditions. 

The KNOPP PHASE 
SHIFTER offers superior per- 
formance, stability and _ high 
accuracy. Rated at 450 volt- 
amperes. Input: 120/240 volts, 
3-phase, delta. Output: 120 or 
240 volts, 3-phase, delta. Can 
be supplied in other ratings. 

Write now for full details. 


NOPP INC. 
4287 Holden St., Oakland 8, Calif. 


30 Standard 
U. L. Approved 
Models 


® Stationary or Mobile Types 
© For Hangars, Air Fields, Missiles 
© For Factories and Labs 
Write for interesting information on STAVOLT RECTIFIERS 


McCOLPIN-CHRISTIE core. 


27th Year of Rectifier Manufacturing 
3410 W. 67th St., Los Angeles 43, California 
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but electrical 
service was 
uninterrupted 


Shortly after the first length of Hazacord 
portable cable was installed on one of the gantry 
cranes operated by a large petroleum plant, 
the 80-ton crane ran over its cable, crushing and 
mangling it. Without interruption the cable 
continued to deliver the electrical power that 
kept the crane on the job. Removed for 
inspection, this length of Hazacord showed the 
insulation on each conductor was in place 
and complete although noticeably crushed 
and deformed. 

Since that time, Hazacords have given more 


) than two years of trouble-free service on this 





gantry crane and the others at this plant, 
although standard cables had previously lasted 
only a few months. This increased cable life, 
together with the graphic demonstration of 
Hazacord’s toughness provided by the 80- 
ton runover have made Hazacord standard on 
many of the severest operations at this plant. 
And this is only one of the accidents and 
unusual services that have proved Hazacord 
cables can withstand the roughest usage 
without failure and costly down-time of the 
equipment. If you have a problem involving 
portable cable, call or write your Hazard 
representative. Or contact Hazard Insulated 
Wire Works, Division of The Okonite 
| Company, Passaic, N. J. 


iL. 
portable cables 


a 


OKONITE 
RESEARCH 
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RADIO 


INTERFERENCE 


AND FIELD INTENSITY 
measuring equipment \/ POWERS 


the 
A of 
Ce a a “ pa INDUSTRY 
nterference measurements to one or more of % 





>. 


the following specifications: 


AIR FORCE—MiIL-1-6181B 
150 kc to 1000 me +4 i 

: ‘ =—_ i WRITE for the complete 
BuAir — MIL-1-6181B ' : story of BRONCO 66 CER- 
150 kc to 1000 me NM-10A (AN /URM-6B) #1 TIFIED, the dependable, 
ID cto 2¢ 14 kcs to 250 kcs : extra flexible, electrical 


BuShips — MIL-I-16910A (Ships) , i cables through which 


: energy flows to the 
14 ke to 1000 me 


power tools of industry. 
SIGNAL CORPS—MIL-I-11683A 


These Synchro-Cured 
150 ke to 1000 me 


portable electrical cords 
SIGNAL CORPS—MIL-S-10379A 


and cables are made with 
150 ke to 1000 me 





AIOE Mb ss 


a branded jacket certi- 
fied to contain not less 
than 67.32% Neoprene. 
Send for free brochure to: 


WESTERN INSULATED WIRE CO., Los Angeles 58, California 


ASK YOUR ELECTRICAL WHOLESALE DISTRIBUTOR 


NM-20B (AN /PRM-1A) FOR THE CABLE WITH THE 66% NEOPRENE JACKET 
150 kcs to 25 mcs 


Pak Rh Si 


The equipments shown cover the frequency 


range of 14 kilocycles to 1000 megacycles. 


Measurements may be made with peak, quasi- 


peak and average (field intensity) detector wre ba ) 
“sc co< SAVE TIME AND MONEY 
F.C.C. PART 15—Now in effect, the revised a 3 FS HANDLING CABLE REELS 


F.C.C. Part 15 places stringent requirements NM-30A (AN/URM-47) ‘ : * 
upon radiation from incidental and restricted 20 mcs to 400 mcs bac Easy, simple, fast! Minimum loading — 
radiation devices. Stoddart equipment is suit- ‘ and unreeling effort. 
able for measuring the radiation from any eae ee Modernly efficient 
device capable of generating interference or 
c-w signal within the frequency range of 14 kc z : FOR WIRE, CABLE, ROPE 
to 1000 mc 1 ¢ dint s 
Heavy gauge steel 

frame 


Write Stoddart Aircraft Radio Co., NM-50A (AN/URM-17) 
Inc., for your free copy of the new 375 mcs to 1000 mcs ; Slanted front 
revised F'C.C. Part 15. 4 


Ball bearing adjustable 
rollers 

No jacks 

Handles any reel 


The Stoddart NM-40A is an entirely new radio p diameters 
interference-field intensity measuring equipment. ositive roller lock for 
it is the commercial equivalent of the Navy type unloading 

AN/URM-41 and is tunable over the audio and 
radio frequency range of 30 CPS to 15 ke. It per- 
forms vital functions never before available in a 
tunable equipment covering this frequency range. 
Electric and magnetic fields may be measured 
independently over this range using newly 
developed pick-up devices. Measurements can be 
made with a 3 db bandwidth variable from 10 CPS 
to 60 CPS and with a 15 kc wide broadband 
characteristic 


Style A 2,000 Ibs. cap. Style B 4,000 Ibs. cap. 
for reels up to 28 in. for 2 reels up to 24 
wide. 37.50 f.0.b. in. wide each or 1 reel 
Cincinnati. up to 48 in. wide. 


re D DA RT Aircraft Radio Co ln, waite ror betas rooay 79-00 f.0.b. Cincinnati. 
(7) . 
6644-B SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA - Hollywood 4-9294 a te) BE eAe REEL 








1100 Sycamore at Central Parkway 
Cincinnati 2, Ohio 
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PINE BLUFF, ARK.—Typical of numerous installations 
of the Type PBO is this one on the Pine Bluff Division, 
Arkansas Power & Light Co. 


ARE CHOOSING SOUTHERN STATES’ 
TYPE PBO DISCONNECT SWITCHES 


The growing popularity of the Type PBO Disconnect, for sub- 
station and distribution line switching, can be attributed to the 


preference of utility engineers for these outstanding features: 


HIGH PRESSURE double-line contacts. Positive contact assured by 
wiping action of accurately machined surfaces. Hard drawn copper bus 
bar blades; double blade construction. 90° open blade stop unless 
otherwise specified. 


EXTRA LARGE OPERATING RING of heavy duty construction. 


POSITIVE LATCHING of blade in the closed position prevents open- 
ing under fault currents or from vibration. 


BLADE PRY-OUT applies a powerful mechanical force to open the 
blade even under heavy coatings of ice. 


CAST BLADE GUIDES are rigid and wide-flaring to position the con- 
tacts properly on each closing operation. 


STEEL BASES, hot-dipped galvanized after fabrication, are available 
to specification. 


Full details are contained in our Bulletin 55 PBO, a copy of which 


will be mailed gladly upon request. 


Type PBO Disconnect is available 


in continuous ratings from 400 to g Oo UTH ia #H N STATE S 


4,000 amps and voltage ratings 
from 7.5 to 115 kv for all types of 


single-pole installations — transmis- EQ UIPMENT CORP. 
sion substations, distribution line ® HAMPTON, GEORGIA 


switches, or rural lines. 
IN CANADA: Dominion Cutout Co., Ltd., Toronto 
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plot your test data with. 


TH 


| } 
} 


MODEL t 


E MOSELEY 


FANS Ole). JAN ot 


trade mark 


R= VF RECORDER 


Three versatile models feature ranges from 5 millivolts to 500 volts; 
200,000 ohms per volt input resistance; zero set and full scale zero 
off-set; speeds up to 4% second full scale; accuracy of 0.25%. 


Rugged and stable, all models provide facilities for curve drawing and 
curve following. Digital data may be plotted in point form from key- 
board, tape, or card sources, utilizing accessories described below. 


MODEL 1 
Drum type 
8%” x 11” paper 
X-Y Recorder- 
Curve Foi!ower 


ice a ol Sa nc see 
MOSELEY ACCESSORY PRODUCTS - 


Bulletins describing these 
instruments are available and 
we'll be glad to send them to you. 


30A 


MODEL 2 
Flat-bed 
11” x 164%” paper 
X-Y Recorder- 
Curve Follower - : 


Desk Type 

8%” x 11” paper 
X-Y Recorder- 
Curve Follower 


MODEL 3 


Point Plotter ‘ 


F. 


409 N 


j 
4 
} 


MODEL 40 KEYBOARD provides a con- 
venient means for plotting large amounts 
of tabular data in point-curve form. Self- 
contained voltage source together with full 
three column keyboard in both X and Y 
axes; unit plugs directly into MODEL 2 
AUTOGRAF. 


MODEL 20 DC VOLTMETER is a servo- 
actuated, fast, accurate and sensitive instru- 
ment. Has large, easy-to-read scale for 
general laboratory use where ranges from 
3 millivolts to 300 volts are desired. For 
data handling it is furnished with a built-in 
Coleman digitizer and delivers digital out- 
put for operation of printers, typewriters, 
tape or card punches, etc. 


MODEL 30 CARD TRANSLATOR con- 
verts information from punched cards into 
point form for automatic plotting. Handles 
up to 50 cards per minute, 10 to 200 counts 
per inch. Plugs directly into MODEL 2 re- 
corder, controls both card reader and re- 
corder for completely automatic operation. 


ee se ae aes od oR 
Fair Oaks Ave., Pasadena, Calif 
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Industrial Notes 
(Continued from page 20A) 


and only one fifth the weight of lead. A 
new technique which permitted the 
aluminum sheathing to be joined with high 
strength welds without subjecting the cable 
insulation to elevated temperatures, made 
the project possible. Niagara Mohawk 
Power Company, builder of the lines, de- 
vised the method from basic welding infor- 
mation supplied by the Aluminum Com- 
pany of America. The installation also 
features a new type of extruded cable 
clamp developed by Alcoa. The new 
clamps, which can be cut to any length 
from a special extruded shape, are used for 
mid-span, turns, and dead-ends. The first 
U. S. installation of bare aluminum 
sheathed cable runs from a terminal station 
to a new transformer substation at North 
Tonawanda. From there a power system 
of 4,160 volts distributes to customers in the 
western section of the city. 


Transistorized Power Line Carrier. The 
first completely transistorized powcr line 
carrier assemblies have been placed in full 
operational service. This protective relay- 
ing equipment was designed and built by 
the Westinghouse Electric Corporation and 
purchased by the Potomac Edison Com- 
pany, Hagerstown, Md. Installation of the 
equipment at each end of the 132-kv 
Marlowe-Reid line climaxed a series of 
field tests that Westinghouse engineers have 
been conducting on the Potomac Edison 
lines since 1953. Use of transistors in this 
type of equipment has brought about sev- 
eral marked advantages resulting in lower 
installation, operation, and maintenance 
costs. Installation time has been cut in 
half due to the compactness and simplicity 
of the new design. The simplicity of de- 
sign has lowered operating and mainte- 
nance costs. Inasmuch as no vacuum tubes 
are employed, the transistors require no 
periodic checks. As compared with three 
months to a year life for the average vacuum 
tube, transistors can be expected to last 
indefinitely. The power consumption of 
the transistorized equipment is very low 

18 watts as contrasted with the 250 watts 
required by conventional assemblies 
Power output is approximately one watt, 
but sufficient sensitivity has been provided 
to operate through a channel attenuation 
of 40 decibels. Previous equipment on this 
installation was designed for a 33-db chan- 
nel. Extensive field tests are being made of 
various other models of these completely 
transistorized assemblies on the Potomac 
Edison lines which will include assemblies 
for voice communications and phase com- 
parison relaying. 


Spain’s Atomic Reactor. The General 
Electric Company (GE) has been selected 
by the Spanish Government in conjunction 
with its atomic energy agreement with the 
United States to supply Spain’s first atomic 
reactor. The General Electric atomic 
power equipment department will manu- 
facture and supervise installation of a 
standard GE 3,000-kw research reactor in 
the Moncloa area near Madrid for the 


(Continued on page 36A) 


JUNE 1956 





New DynAC' stops mofors 
instantly. ...without a ripple! 


Here’s dramatic proof of the smooth, controlled 
braking action of the new Westinghouse DYNAC 
braking controller. Motor stopped instantly—without 
disturbing the water in the glass goblet. ““Grab- 
bing” or jerky stops are eliminated with DYNAC 
braking. 

Wherever rapid and/or controlled stopping is re- 
quired, DY NAC can not only contribute an important 
safety factor, but it can save you headaches—and 


you CAN BE SURE...1F ITS 


CRSA 


Westinghouse C): 


June 1956 


money—on: (1) production time, (2) material rejects 
and spoilage, and (3) maintenance expense. 
Because it’s completely electrical, DY NAC requires 
no mechanical apparatus or motor linkage—it simpli- 
fies maintenance. And it comes in one compact, 
spacesaving enclosure. Get the facts on DYNAC’s 
many cost-cutting applications—with every type of 
standard induction motor. Use the coupon below 
for more information on DYNAC. J-30200 


WESTINGHOUSE ELECTRIC CORPORATION 
P.O. Box 868, Pittsburgh 30, Pa. 


Please send me descriptive bulletins 15-600 and B-6572 on the 
new DYNAC braking controller. 


Name i 
Company___ 
Address__ 


es 
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Magnetics, Inc. makes the 
-performance-quarantee 
tape wound core 








Core quality is no longer your worry—it’s ours, for we guarantee performance 
of our tape wound and bobbin cores to mutually agreed upon specifications. 
What’s more, you can specify a host of extra Magnetics, Inc. exclusive 
features. These include the Aluminum Core Box*, to withstand the rigors of 
temperatures to at least 450°F., vacuum impregnation, heavy winding stresses 
and vibration—and the color-coded bobbin core, for error-free handling in 
storage and assembly. 
Why not write today for your copy of Catalog TWC 100-A? And if you Re ys 
have an application problem, our sales engineers are ready to provide you Magnetics bobbin cores, too, 
with expert assistance. Magnetics, Inc., Dept. EN29, Butler, Pennsylvania. 


ePatent Pending are performance-guaranteed! 


Pf ft | 
MAGNETICS inc. 


Fe fj | CABLE: Magnetics 
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Phase Failure 


This relay is sensitive to current in all lines 
to the 3-phase motor. If one current 
fails or becomes much less than current 
in other 2 lines, relay opens control cir- 
cuit. Protects motor against failure of a 
phase on primary side of distribution 
transformer supplying motor, even tho it 
has wye-delta windings. 


RELIABLE PHASE FAILURE OR 


The Bulletin 812 Type A phase failure relay is a static device 
which compares the currents in each of the three lines supplying a 
motor from a 3-phase system. In case the current in one line fails 
or becomes much less than that in the other two lines, the relay 
operates to open the control circuit to the starter which dis- 
connects the motor from the line and prevents it from running 
single phase. 

Both the Bulletin 812 Type A and Type B relays operate over a 
wide range of current, and thus coils do not have to be accurately 
selected for the precise current being drawn by the motor. These re- 
lays will function accurately for currents from no load to locked rotor. 

The control circuit contacts are opened in three or four cycles 


Allen-Bradley Co. 
1316 S. Second St. 
Milwaukee 4, Wis. 


Phase Reversal 


In addition to phase 
failure, this relay 
detects phase se- 
quence and opens 
motor control cir- 
cuit when a phase 
has been reversed. 


PHASE REVERSAL PROTECTION 


after a phase failure occurs, and thus the relay can be used to 
protect against the failure of a motor to reverse. In the event of 
a single phase or of a phase failure, the Bulletin 812 relays will 
operate dependably because the construction does not include frail 
or moving parts, especially in the sensitive portion of the system. 
There are no delicate parts to get out of adjustment, or bearings 
which might stick and cause faulty operation. 

The Bulletin 812 relays are built in only four sizes and will 
reliably protect motors with full load currents from 1.25 amperes 
to 300 amperes against phase failure and phase reversal. Let 
us send you more detailed information about this up-to-date answer 
to phase failure and phase reversal problems! 


In Canada —Allen- 
Bradley Canada Ltd. 
Galt, Ont. 


PHASE FAILURE & REVERSAL RELAYS 
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Automatic machinery speeds up production... but to 
obtain the full benefit, the electrical control components 
must be trouble free. Therefore, leading machinery 


builders favor Allen-Bradley controls. They have found 
that A-B controls satisfy all operating requirements. The 


simple one-moving-part design is your guarantee of 


trouble free performance. You help yourself when you 
specify “Allen-Bradley.” 


Send for the A-B Handy Catalog. 
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Cimco-Matic machine for automatically 
assembling Chrysler inner brake plates. 


Cimco-Matic control panel includes over 
40 A-B starters, relays, timers, etc. 
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; control items—universally recognized for trouble free operation 


Bul 
ampere 
contactor 


Bul. 704 Size 1 hum- Bul 
switches electrically and mechani free contactor with 
cally interlocked. Available in 9? magnetic latch. 
sizes for up to 300 hp, 

220 v; 600 hp, 440-550 v 


702 Size 2, 50 


solenoid 


Bul. 705 Size | reversing switch with 


7V_ hp 


motors 


) v motors 


AC Fe 
% Te 


4 
’ 
Bul. BOOT « 


nachine t¢ 


Bul. 802T adijust- 
able lever oiltight 
limit switch. 


Bul. 806 rotary 
pilot switch; 15 & 
25 amp. 600 v. 


Bul. 894 disconnect 
with visible contacts 
for combination start- 
ers and control panels. 


Itight operating units 
ervice. They are Bul. BOOT oiltight 
control station for 
machine tool service. 


Bul. BOOT 5 button 
pendent station, 


able in many handy forms. 


Aiien-Bradley Co. 
1316 S. Second St. 
Milwaukee 4, Wis. 


RELAYS & CONTACTORS 





700 Type C 
solenoid relay, rated 
10 amp. 600 v, mox. 


Bul. 700 BX, 4 pole 
universal relay with 


N.O. & N.C. contacts. 


Bul. 849 timers available in 
wide variety of types. Adjust- 
able from 1/6 sec. to 3 min. 


In Canada—Allen- 
Bradley Canada Ltd. 
Galt, Ont. 


IF YOUR COMPANY NAME APPEARS HERE... 


There is a FREE 5-amp High Efficiency Germanium Rectifier 
Reserved for your Chief Engineer—Write for it! 


A.C.F. Electronics, Inc 
A.R.F. Products, Inc 
Acme Electric Corporation 
Adier Communications Laboratories 
Air Associates, Inc 
Aircraft-Marine Products, Inc. 
Airpax Products Company 
Alcor Electronics Corporation 
Alden Electronic & Impulse Recording 
Equipment Company 
Allied Engineering Division, Allied 
International Inc 
Amerac, Inc 
American Television & Radio Company 
Anton Electronic Laboratories, Inc 
Approved Electronic Instrument Corp 
Arga Div., Beckman Instruments, Inc 
Atomic Instrument Company 
Authorized Manufacturing Co., Inc. 
Avion Instrument Corporation 
Barker & Williamson 
Bart-Messing Corporation 
Bomac Laboratories, Inc. 
Bradley Laboratories, Inc 
Bristol Company, The 
Browning Laboratories, Inc 
Brownthorn Electronics, Inc 
Bruno-New York Industries Corporation 
Buck Engineering Company, Inc 
Burroughs Corporation, Electronic 
Instruments Division 
Caledonia Electronics & 
Transformer Company 
Carter Motor Company 
Chatham Electronics Div. of Gera Corp 
Clark Crystal Company 
Communication Measurements Lab., Inc 
Computing Devices of Canada, Ltd 
Condenser Products Company 
Cornell-Dubilier Electric Corporation 
Cubic Corporation 
Daystrom Pacific Corporation 
DeMornay-Bondardi, Inc 


Dormitzer Electric & Mfg. Co., Inc 
Douglas Radio Laboratories 
Dressen-Barnes Corporation 

Dumont Laboratories, Inc 

Eastern Precision Resistor Corporation 
Electrical & Physical Instrument Corp 
Electro Engineering Products 
Electronic Research Associates, Inc 
Elm Laboratories 

El-Tronics, Inc 

Empire Devices Products Corporation 
Endevco Corporation 

Entron, Inc 

Essex Electronics 

Fansteel Metallurgical Corporation 
Farnsworth Electronics Div. of IT&T 
Federal Mfg. & Engineering Corp 


Federal Telephone & Radio Company 
A Division of IT&T 


Fluke Manufacturing Company, Inc 

Ford instrument Company, Division Of 
The Sperry Corporation 

Franklin Electronics, Inc 

Freed Transformer Company, Inc 

Furst Electronics 

Gates Radio Company 

General Magnetics, Inc 

General Precision Laboratories, Inc. 

General Radio Company 

Gramer-Halldorson Transformer Corp 

Gray Research & Development Co., Inc 

Gyro Electronics Company 

Harrison Laboratories, Inc 

Harvey-Wells Electronics, Inc 

Heath Co., A Sub. of Daystrom, Inc 

Hermetic Seal Transformer Company 

Hewlett-Packard Company 

Industrial Test Equipment Company 

Instrument Development Labs., In 

interelectronics Corporation 

James Vibrapower Company 

Jersey City Technical Laboratory 

K-V Transformer Corporation 


Kahn & Company, Inc 

Kay Electric Company 

Kay Laboratories 

Kearfott Company, Inc 

Keithley Instruments 

Kepco Laboratories 

Keystone Products Company 
Krohn-Hite Instrument Company 

L. M. Electronics, Inc 

Langevin Manufacturing Corporation 
Lenkurt Electric Company, Inc 
Levinthal Electronic Products, Inc 
Link Aviation, Inc 

Lynmar Engineers, Inc 

Magnetic Research Corporation 
Magnetics Research Company 
Mallory & Company, Inc 
McColpin-Christie Corporation 
Measurement Engineering, Ltd 
Mercury Electronic Company 
Mid-Century Instrumatic Corporation 
Millen Manufacturing Company 
Millivac Instrument Corporation 
Model Rectifier Corporation 
Moloney Electric Company 
Multi-Products Company 

National Union Electric Corporation 
New Jersey Electronics Corporation 
New Rochelle Tool Corporation 

New York Transformer Company, Inc 
North American Philips Company, Inc 
Northeast Electronics Corporation 
Northeast Scientific Corporation 
Northeastern Engineering, Inc 
Nucleonic Company of America 
Omega Laboratories, In 

Opad Electric Company 

Ortho Filter Corporation 

Otis Elevator Co., Electronic Division 
Perkin Engineering Corporation 
Permoflux Corporation 


Peschel Electronics, In 


Cail Electric has reserved a new high-efficiency germanium 
rectifier for the chief engineers of the 161 companies listed here. 
Each firm makes a product which may benefit greatly from new 
G-E germanium or silicon rectifiers. 


Test It Yourself. To prove the superiority of new G-E rectifiers, 
test the sample unit in your design lab. See the results for your- 
self. Please send the name of your chief engineer, and mention the 
product for which your sample rectifier is desired when writing. 


A Full Line Of Semiconductors. G.E. 


offers a wide line of semi- 


conductors for industrial and military circuits. See your G-E Semi- 
conductor Specialist for full technical details. Or, write today: 
General Electric Company, Semiconductor Products, Section X6466, 


Phebco, Inc 

Pitometer Log Corporation 

Plastic Capacitors, Inc 

Polarad Electronics Corporation 

Polytechnic Research and Development 
Company, Inc 

Power Equipment Company 

Power Transformer Company, Inc 

Precise Development Corporation 

Precise Measurements Company 

Process & Instruments 

Production Research Corporation 

Pulse Techniques, Inc 

Radiation, Inc 

Radio Corporation of America, 
Engineering Products Division 

Raytheon Manufacturing Company, 
Equipment Marketing Division 

Rowe Industries 

Servo Corporation of America 

Servomechanisms, Inc 

Sola Electric Company 

Solartron Electronic Group Ltd 

Sorensen & Company 

Southwestern Industrial Electronics Co. 

Spencer-Kennedy Laboratories, Inc 

Sperry Gyroscope Company, 
Division of the Sperry Corporation 

Standard Electronics Corporation 

Suffolk Products Corporation 

Technical Apparatus Builders 

Technical Measurement Corporation 

Technical Operations, In 

Telechrome Inc 

Teletronics Laboratory, inc 

Topp Industries, Inc 

Varian Associates 

Varo Manufacturing Company, Inc 

Vibration Research Laboratories, In 

Victoreen Instrument Company 

Westinghouse Electric Corporation 

White-Rodgers, Electric Company 

Wickes Engineering & Construction C 


Electronics Park, Syracuse, New York. 4JA3011 Germanium Rectifier 
Medium power, 5-amp rating 
of 200 volts at 55°C. Ex- 
tremely low power dissipa- 
tion and forward voltage drop 
for excellent efficiency and 
regulation. Low leakage cur- 
rent meets exacting magnetic 
amplifier specifications. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


JUNE 1956 Please mention ELECTRICAL ENGINEERING when writing to advertiser 





GALVANIZING 


. FOR EVERY REQUIREMENT 
IN THE ELECTRICAL FIELD 


Our Record: Over 50 years of 
progressive galvanizing service 
to manufacturers and fabrica- 
tors of iron and steel products 

. any size or shape, any size 
order from the smallest to the 
largest. Excellent facilities for 


pickling and oiling. 


“TO ECONOMIZE, 
GALVANIZE AT 
ENTERPRISE” 


ENTERPRISE 
GALVANIZING CO. 


E. CUMBERLAND STREET 
PHILADELPHIA 25, PENNSYLVANIA 











VOICE COMMUNICATION 


PLUS Control 


REL 
Model 983 


OPERATES OVER 
WIRE CIRCUIT 


OR — 
Voicon 


2Way VOICE plus CONTROL 


. . 

Clear Voice Terminal 
and Provides two, reliable 
Reliable frequency shift control 
Control channels at 2800 & 3000 
cps isolated from voice 
a by filters. Isolation trans- 
formers allow connec- 
Frequency- tion to balanced wire cir- 
Shift cuits. Interchangeable 
: plug-in components and 
Fail-Safe printed circuit boards are 
Operation used in transmitter, re- 
ceiver and power supply 

sections. 

The VOICON is one 
of many RFL terminal 
units for control, tele- 
metering, telety pe, voice 
or data transmission. 


Write » tes Technical and Application Data. 


Kadto Frequency 


LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 





For Superior Quality 
V Check these a 


[] Pure copper, 100% conductivity © 
[_] Wide wire range—re-usable 
U/L-CSA Approved 
|] Compact—rugged 
(] Advanced designing 
] Sound engineering 
Speedy installation 
Cool operation—takes overload 


| No special tools needed 


INDUSTRY 


MODEL LO 


| All screws wax-treated for better clamping 


ALL THESE FEATURES 
AT LOW COST 


Your V Test Will Prove 
ILSCO Superiority Over 
Cast Or Any Other Type Lugs 


TERMINAL BLOCKS 


Write for Catalog #50 and Samples 


ILSCO CORPORATION 


5743 MARIEMONT AVE. 


CINCINNATI 27, OHIO 
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Industrial Notes 
(Continued from page 30A) 


Junta de Energia Nuclear (Spanish Nu- 
clear Energy Commission). Négotiations 
with the Spanish Nuclear Energy Commis- 
sion are being handled by the International 
General Electric Company, the GE division 
in charge of overseas business. The GE 
equipment will be used for research in the 
fields of agriculture and medicine, and also 
will be used to train personnel in the opera- 
tion of both research and power reactors. 
Applications will consist principally of 
studies in nuclear physics and the effects of 
nuclear radiation on various materials, as 
well as experiments in bulk shielding. The 
high-power reactor will be able to support 
several simultaneous experiments. 


NEW PRODUCTS 


Modular Cathode-Ray Oscillograph. The 
experimental unit, identical in performance 
and operation to Du Mont’s newly de- 
veloped type 350 cathode-ray  oscillo- 
graph, was demonstrated at the Institute of 
Radio Engineers Show, Kingsbridge Ar- 
mory, New York, N. Y. The modular oscil- 
lograph is the latest in the long list of innova- 
tions by Du Mont during 25 years of 
pioneering in electronics, including the 
first commercially practical cathode-ray 
tube and the first all electronic television 
receiver. Developed as a mass production 
technique by the United States Bureau of 


Standards, under contract to the United 
States Navy Bureau of Aeronautics, and by 
American Car and Foundry Electronics, the 
modular design uses components printed 
on ceramic wafers. Each module repre- 
sents a complete circuit element and is 
wired into its proper position. The circuits 
are connected by printed wiring. The 
combination of modular construction and 
printed wiring affords complete uniformity 
of circuitry, rugged construction, and ex- 
cellent environmental characteristics. Out- 
standing features of a modular constructed 
instrument, according to Du Mont engi- 
neers, are the simplicity and rapidity of 
maintenance and repair. Instruments are 
repaired simply by discarding a faulty 
module and replacing it with a new one. 


(Continued on page 43A) 
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Butarone 
Insulated 


iw bb -: — = 


eee — 


A BUTYL COMPOUND developed for most exacting standards to insure 


high voltage insulation to insure trouble-free operation. 
superior resistance to ozone, heat and BUTARONE insulation is rated at 
moisture. Manufactured under the 85°C for voltages up to 17KV. 


> 
eneral Gable ee. at your service! 


GENERAL CABLE CORPORATION, 420 Lexington Avenue, New York 17, N.Y. Offices and Distribution Centers Coast-to-Coast 


JuNE 1956 Please mention ELECTRICAL ENGINEERING when writing to advertisers 37A 





Sad che cae 


TER 


Here it is—the 


on SILECTRON CORES ... all shapes and sizes 


This new bulletin contains design information on 
Arnold cores wound from a grain-oriented silicon 
steel, Silectron. Curves showing the effect of im- 
pregnation on core material properties are published 
for the first time. This 52-page bulletin includes in- 
formation on cut ‘‘C”’ and ““E”’ cores, and uncut toroids 
ind rectangular shapes. Sizes range from a fraction 


of an ounce to more thana hundred pounds, in stand- 
ard tape thicknesses of 1, 2, 4 and 12 mils. 

A new method of tabulating core sizes is intro- 
duced, whereby cores are listed in the order of their 
power-handling capacity. You'll find this Silectron 
core bulletin a valuable addition to your engineering 
files—write for your copy. 


ADDRESS DEPT. EL-66 


WSW 53058 


THE ARNOLD ENGINEERING (SOMPANY® 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 
AL General Office & Plant: Marengo, Illinois ; 
~ DISTRICT SALES OFFICES . . . New York: 350 Fifth Ave. 
“Los Angeles: 3450 Wilshire Blvd.. Boston: 200 Berkeley 
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DYNAMATIC SINGLE PACKAGE 


FRACTIONAL HP AJUSTO-SPEDE DRIVES 
Provide Stepless Adjustable Speed 


from an AC Power Source 


Sizes and Types 
for Hundreds of 
Industrial Applications 


—_— Ajusto-Spede® Drives, part of a family of diversified 
eddy-current equipment, provide an economical solution to many 
adjustable speed drive problems. 

The Fractional Horsepower Ajusto-Spede, a single package design, 
combines an AC constant speed induction motor, eddy-current 
coupling, and electronic control. Standard modifications provide for 
the addition of electrically operated fail safe friction brakes, or speed 
reducers with numerous gear reduction ratios. 

Fractional Horsepower Ajusto-Spede Drive power is taken directly 
from 115/220 volt, single phase or 220/440 volt, 3 phase lines. 
Sizes are '/j, 3, 2 and % horsepower at 1600 RPM; 1/2, 34 and 
1 horsepower at 3200 RPM. 

Friction brakes for quick stopping or fast cycling operation are 
furnished in two capacities—l1'/2 and 3 pounds feet of torque. 
Gear reductions with 10 ratios between 5-to-1 and 100-to-1 are sup- 
plied with 1600 RPM Ajusto-Spedes. 


STANDARD 


WITH 
FRICTION BRAKE 


WITH 
SPEED REDUCER 


Al guste «dd nede 
Aduantages 


* Constant torque speed range: 25 to 1 
with either 1600 RPM or 3200 RPM 
Ajusto-Spedes. 

* Control accuracy: 2 per cent of top 
speed at any point within the speed 
range. 


* Minimum wiring to power line. 

* Remote “one knob” control operation 
up to 100 feet. 

* Rugged plug-in type integral one- 
tube electronic control. 


* Permanently 
bearings. 


sealed grease-packed 


For more detailed information, write for your free copy of the 
Dynamatic Fractional Horsepower Ajusto-Spede Bulletin, FAS-5. 
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CONDENSED SPECIFICATIONS: 


VERTICAL DEFLECTION: sinusoidal response, flat 
to d.c., down not more than 30% at 150 kc; deflec- 
tion factor, 20 p-p mv/inch. 

HORIZONTAL DEFLECTION: identical to vertical 
axis except deflection factor, 25 p-p mv/inch (due 
to higher deflection factor of horizontal deflection 
plates). 

SWEEPS: mode, driven or recurrent; frequency, 2 cps 
to 30 kc; beam gate, automatic during forward sweep. 
AMPLITUDE MEASUREMENT: (both X and Y axes) 
range, 0.1, 1, 10 and 100 volts full scale; accuracy, 
+5%. 

PHASE SHIFT: amplitude controls at max., less than 
1° below 150 kc. 








Not just another low-frequency 
cathode-ray oscillograph but a de- 
cidedly grown up instrument com- 
bining the best features of the 
laboratory standards by Du Mont 
which have gone before it. All these 
features and more: 


Exceptional stability —all voltages 
regulated 


No drift—less than 10 mv in 8 hrs. 
including 10% line voltage changes 


Identical X- and Y-amplifiers 
Amplitude calibration on both axes 


Accurate X-Y plotting at frequencies 
from d.c. to 150 ke. 


Ideal for precise phase shift 
measurements—less than 1° relative 
phase shift below 150 kc. 


Superior sweep linearity with 
hard-tube circuit 


Automatic beam brightening 
on sweeps 


Automatic beam brightening 
for transient plots 


High brightness—3KV acceleration 


Provision for very slow sweep rates 


ONLY DI! 


IMMEDIATE DELIVERY! 


Write for complete specifications 
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One pole of 


330 kv 25, 000,000 kva 
BROWN BOVERI AIR BLAST BREAKER 


for installation in the United States, 
set up for special impulse coordination tests. BROWN 


BROWN BOVERI CORPORATION W)1!||!'] 


19 scvedbase: STREET © NEW YORK & ee 


A+ ‘S . Birmin Lalelia A . oston. Mass Butte Mont 
Detroit, Mic ¢ High Point, N ¢ Jacksonville, Fle °* Kansas City 
v : 
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In Taconite processing plant, ANACONDA Interlocked-armor cable is used for feeder line. . 








greene weather and industrial Comesie. 


New cable puts power where you want it— fast! 


With AnaconpA Interlocked-armor 


cable you bring power to new load 


centers faster—change plant layout 
quickly or add new facilities in a 


hurry! 


installed fast 


indoors or out—with simple support- 


. trained easily around 


It is economical 


ing devices .. 


corners, columns and other obstruc- 


tions in long unbroken runs. Circuits 
. always ac- 
And this cable’s interlocked 
metal-tape armor affords high me- 
chanical protection against all types 
of di im ige, 


are easy to relocate . . 


cessible. 


The Man from Anaconda, or your 
nearest Anaconda distributor, will 
be happy to give you full informa- 
tion. Or write PF Anaconda Wire & 

Cable Company, 25 Broadw ay, New 


York 4, New York. 


site sabia lias ANACONDA 


FoR INTERLOCKED-ARMOR CABLE 


Anaconda Interlocked-armor cable 
comes in sizes No. 6 Awg to 750 Mcm— 
copper or aluminum —up to 15 kv— 
Underwriters’ approval for 600 volts and 
5000 volts. Available with rubber-, plas- 
tic- or varnished-cambric-type insulation. 
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Long-Life Switching Mechanism. A new 
and improved switching mechanism which 
provides longer life has been incorporated 
into the line of Soreng standard SNAPAC 
switches. Model 750, panel mounting 
switch has a liberal overtravel, total travel 
1/4 inch to 3/8 inch, and is recommended 
where the actuating motion cannot accu- 
rately be controlled. This model SVAPAC 
switch has high current capacity for direct 


control of a circuit and is listed by Under- America’s Finest 


writer’s Laboratories for 15 amperes, 125 


volts a-c, 10 amperes, 250 volts a-c, 1/2 
hp, 125/250 volts a-c rating. Available ad 


circuits include SPST normally opened . : the - ‘ 
ste Dalohm design permits positive locking on all standard shaft di- 
ameters full round or flatted with no damaging effect so frequently 
, eis found when using set-screw type knobs. 
door switch, push button switch or limit, 


Ye" — 1 yg" — 1%," — 24" —3” 
and safety interlocking and control appli- FIVE SIZES “/e Ae tn tn 
cations. Detailed information can be COLLETS INTERCHANGEABLE. Accommodate all shaft sizes from 4” to % 


obtained by writing for bulletin SL-3, e Precision cast of thermo setting plastic in easy grip shapes. 
Soreng Division, Controls Corporation of Match modern styling 5 ; 
America, 9555 Soreng Avenue, Schiller ¢ Knobs fit concentrically on shaft and can be positioned 
Park, III. accurately and easily on full 360° radius 

Standard pointers and indicators available 

Aluminum dials, three basic types in four sizes; 

calibrated 0-100 and 100-0 in 180° and 270 

rotation. Also plain dials for special applications 

or markings. 
Bose e Highest quality at lowest price 
been announc ed by Allis-Chalmers Manu- Write for Bulletin K-29 
facturing Company. Developed at the 
firm’s Norwood Works, the motor is avail- 
able in ratings from 1/4 to 40 hp, is built on 
standard induction motor frames and en- 
closures, and uses a simple die-cast rotor. 


or closed, and SPDT. Its rugged con- 
struction makes this switch adaptable for 


Synchronous Induction Motor. A basi- 
cally new synchronous motor, the Synduc- 
tion motor, for general industrial use, has 





with SPEED AND RELIABILITY 


| i 


va MANN 


The motor requires no brushes, slip rings, 
or windings on the rotor, separate source of 
direct current excitation, or special start- : ' 
ing equipment as is the case with standard ) , : - GJ ... resistance wire 
synchronous motors. The new machine ; : Peis: : welded fo leads. 
offers several advantages over existing ‘ Without swippled 

types of synchronous reluctance motors, Ae 
and approaches the efficiency and power 
factor of squirrel-cage units. The new 
motor has been designed to operate over a 
wide frequency, and therefore, a wide 
speed range. The motors need only stand- 
ard across-the-line Starting equipment, ex- 
cept in the very largest ratings, where re- 
duced voltage starters are required. Prices 


precision stored-energy welding 


of Synduction motors are governed by the 
type and size of standard squirrel-cage WELDMATIC MODEL 1012 TWEEZER TYPE WELDER | 
frame needed to provide the operating welds fine wire to leads or tabs while resistor is on winder 
characteristics required, plus a moderate ; | Enamel btripping and flux cdntehinetionlclisinaled, | 
addition to cover the somewhat greater 
production labor involved. At present, | i 
each Synduction motor is being engineered is very positive, stable, and rugged. 
for an individual application. Inquiries | *made by Ircal Industries | 
must include information on load inertia, } } sipbsseliery, 4RA 

accelerating time requirements, electrical | | iUNITEK CORPORATION 


supply characteristics, speed range, enclo- 


with production time halyed. Welded connection 


| 261 Halstead Avenue * Pasadena 8, California 
Write for Complete Technical Information 
+ on Stored Energy | w ‘eldting 


sure required, and any other electrical or 
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YOUR SPECIAL 
TRANSFORMER 
PROBLEMS TO... 


TRADE MARK 


YOu CAN SAVE many valuable man-hours and produc- 
tion hours by placing your special transformer problems 
in the capable hands of experienced STANDARD 
TRANSFORMER engineers. STANDARD engineers can 
easily detail all of your transformer requirements and 
oversee their manufacture from beginning to end. There’s 


a STANDARD representative near you. Call him today! 


300 KVA indoor unit 
sub-station or load 
center, consisting of 
high voltaged, fused 
air brake switch and 
low voltage section 
with circuit breakers 
and transformer 


honrvadavedl, 


WARREN, OHIO 
REPRESENTATIVES IN PRINCIPAL CITIES 
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mechanical information that would affect 
the design of the motor. For applications 
where operation of several motors must be 
synchronized over a range of speed, Nor- 
wood Works has also developed an electro- 
mechanical drive to supply variable fre- 
quency for Synduction motors. 


Accessories for Contour Projector. Three 
new accessories to increase the usefulness 
of the Kodak Contour Projector, model 8, 
have been developed by the Eastman 
Kodak Company. A special glass measur- 
ing stage, for use in vertical projection, per- 
mits making linear measurements on the 
projector over a range of 2 inches by 1 inch. 
The new stage is available with micrometers 
calibrated either to 0.001 inch or 0.0001 
inch. For measuring angles, the company 
has developed a rotary screen which re- 
places the standard ground-glass screen and 


is used in either horizontal or vertical pro- 
jection. A vernier scale permits direct 
readings to 5 minutes of arc. A third 
accessory, for use in horizontal projection, 
is an overlay chart holder, permitting the 
use of existing plastic or ground-glass 
charts of varying sizes on the instrument 
These new accessories help make the 
model 8 the most versatile 8-inch screen 
projector available for optical gauging 
today. Information on the new Kodak 
Contour Projector Model 8 accessories may 
be obtained from the Special Products 
Sales Division of Eastman Kodak Com- 
pany, Rochester 4, N. Y., or from the 
distributor, Optical Gaging Products, Inc., 
26 Forbes Street, Rochester 11, N. Y. 


Long-Wave Ultraviolet Lamps. New, 
special-purpose, ultraviolet lamps for bet- 
ter observation of low-grade fluorescence, 
particularly in the critical areas of pale 
blue, light green, and red, have been an- 
nounced by Black Light Corporation of 
America, San Gabriel, Calif. This long- 
wave lamp, Blak-Ray model BLF-6, utilizes 
a special tubular filter to cut down on 
visible light emission from the black light 
ultraviolet tube; thus less visible light 
strikes the object being examined. This re- 
sults in an increase in contrast due to a more 


(Continued on page 46A) 
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NYLON CAB 


For strong, sure support ...for sustained periods 
in temperature extremes from-60°F to 250°F ... 
these new, tough, lightweight, molded nylon cable 
hangers give you all the important features 

of metal, plus. 


Even under severe stress, NYLOCLIP’s high 
physical strength holds pre-formed shape 
indefinitely ... undamaged by oils, gasoline, 
alcohol, hydraulic fluids. 


Self-insulating nylon is high dielectric non- 
conductor; eliminates hysteresis losses, 
grounds, shorts. 


Cable insulation fully protected by rounded edges, 

matte finish inside surface of NYLOCLIP. Stud 

hole serrations running parallel to cable insure 

automatic alignment when screw is tightened — 

prevent cable chafing. Available in 17 standard rugged strength 


sizes to accommodate cables or bundles from 14” to 2”. : 
of Nyloclip supports 


Meets MIL-STD-242 and NAVORD OSTD # this man’s full weight 
600-7-3.02.29 (int.) , ee. ... 247 lbs.! 


For proof of performance, send for samples. ..to your specified sizes. 


aa be o< a 56-10 


Norwalk, Connect. ¢ Toronto, Canada ¢ Other Factories: New York, Calif., Toronto « Export: Philips Export Corp. 
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REINHOLD 


C) PLASTICS FOR gp ceasing yr morsel AP- 
PLICATIONS by ?? B. Seymour and R. H. Steiner. Shows 
engineers how to select the ght i] for construction in 
tmosphere J plastics as protective 

t mortar cements 

industrial ad 

s available for a 

ed in tabular form for quick 
e material 1955, $7.50 


COPPER edited by son Butts. Treats almost every 
. , hemistry and metallurgy of copper, its 
nd Full chapters describe copper min 

I t nverting and refining 

chemical properties; hot 

i pper alloys; and 

istry, biology and agronomy 

ACS Monograph, 1954, $20.00 


}] ORGANIC PRovective COATINGS edited by 


von Fischer e problem f formulation, 


tgent inings 


use ne resir t t 5 $7 

} PROTECTIVE COATINGS FOR METALS. New 2nd 
Edition, by It. M. Burns and W. W Bradley i J 
serged i almost entirely rewritter 
Bur world-f is ACS Monogray 


f et 


a 


| DETERIORATION OF portman pacts and 
Preventive Techniques edited by Glenn A Greathouse 
information by 24 i t n what you can do to 

iable mat nls and 1ipment. Describes the 

ature ¢ Jeterioratior € ar preventive measures 
pr 1 he life of ev cand ng “rot raw materials to fin- 
icts 95 $12.00 
INSTRUMENTS FOR MEASUREMENT AND 
CONTROL by Werner G. Holzbock. Describes and illus- 
trates all recent device for measuring and controlling 
ture, n t ssure, flow, uniformity, etc. Dis- 

nd operation and comparison 

ng the proper instrument for a 
1955, $10.00 


COMPUTERS: vaew Operation and po eee 
by Berkeley nd 1 cright Describe and strates the 


technique lé¢ 


Dart 


| PRACTICAL chp aorta: Ratan INDUSTRY 
by H H. ¢ TT mi t 1eory and applications 
i , ect t test rot a ie and 

e b is simple 

s of actua radi weraphs 

ther with equipment 

1952, $8.50 


INDUCTION AND DIELECTRIC HEATING 
i. © ( 1 rganized, 1 date treat 
My € t xency heating 
and electrode 

apt ication 

4, $12 50 


] MATERIALS TECHNOLOGY FOR ELECTRON 
TUBES by Walter H. Kohl. Treating such materials as 
gla " 1, tungste molybdenum, tantalum, 
copper, r and graphite this t is the first in the Eng 
list \ ff gl ientifie description of 

i the methods of uniting 

ea Each chapter dealing 

t s an extensive and, in certain 

ished tabulation of their physical 

ies, tl emical reactions with various re 
nd the processes used in their application 

1951 


+ 


12.50 








[FREE EXAMINATION | 


REINHOLD PUBLISHING CORPORATION 
Dept. M-932, 430 Park Ave., New York 22, N. Y. 


Please send me the books checked above for 10 days’ 
FREE EXAMINATION 


(Please Print) 


ADDRESS 
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complete drop-out of the nonfluorescent 
background. With its peak emission at 
3,660 angstrom units, the BLF-6 is espe- 
cially valuable for sanitation inspection, 
criminology, chromatography, oil analysis, 
medical diagnosis, in fact, anywhere that 
subtle shadings in what otherwise would be 
termed weak fluorescence areas must be 
information about 
this special-purpose ultraviolet lamp, write 
to Black Light Corporation of America, 
San Gabriel, Calif. 


observed. For more 


Standard Packaged Power Unit. A com- 
pletely assembled power indexing unit for 
straight-line transfer machines or other 
indexing equipment is now available from 
Ferguson Machine and Tool Company, St. 
Louis, Mo. Made entirely of standard 
components assembled by Ferguson and 
delivered ready for inclusion in a machine, 
it saves design and assembly time and 
manufacturing costs associated with the 
production of this type of equipment for 
The unit, known 
as the Ferguson Trans-Pac, 


individual requirements. 
includes gear 
motor, control shaft drive sprockets, brake 
actuating cam and microswitch, electric 
clutch-brake combination and mounting 
ring, indexing mechanism, and drive shaft 
mounted on a 


coupling. Components, 


steel base plate, are ready for inclusion in a 
machine and only require necessary con- 


nections to control panel and driven parts. 


A financial giant, the new Texas Natior 
Bank rises on the fabulous Texas & 
coast. Marcus transformers provide ‘‘mo 
in the bank’’ dependability for power 
lighting distribution. For troubles 
performance and greater profits, choos 
for your next transformer installations 


The indexing mechanism, a Ferguson 
Roller Gear Drive, features modified 
trapezoid acceleration characteristics (ini- 
tial force of zero and a gradual increase to 
maximum acceleration value) to provide 
smooth vibration-free indexing. For infor- 
mation write to S. K. Georgieff, Engi- 
neering and Sales Manager, Ferguson 
Machine and Tool Company, Roller Gear 
Division, P. O. Box 5841, St. Louis 21, Mo. 


Electronic Amplifiers. Servomechanisms, 
Inc., Eastern Components Division, an- 
nounces the release of a line of 400-cycle 
electronic servo amplifiers. These rug- 
gedized plug-in amplifiers are available for 
immediate delivery and are designed to 
drive a wide range of instrument motors in 
aircraft and missile servo systems. The 
units are available in 2-, 4-, and 10-watt 
ranges and are functionally packaged for 
simple installation and designed to assure 
long life and reliability with high perform- 
ance characteristics under extreme environ- 
mental conditions. These hermetically 
sealed amplifiers incorporate the latest 
miniaturization techniques. Plug-in fea- 
tures incorporated in the design facilitate 
their application to any control system re- 
quiring this function and reduce mainte- 
nance problems by permitting simple and 
quick replacement of the complete unit. 
Also available as companion equipment is a 
complete line of 400-cycle power supplies 
and modulators. All 400-cycle amplifiers 
are designed to meet applicable United 


(Continued on page 50A) 


Architect: Kenneth Franzheim, Consulting 
Engineers: Bernard Johnson & Associates, 
Electrical Contractor: Howard P. Foley Co. 





Representatives in Principal Cities 


“Mark of Quality” 


“OF DRY TYPE AND LIQUID-FILLED TRANSFORMERS THRU 5000 KVA | 
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Enjay Butyl rubber— 
vital artery in newest airliners 


Douglas chooses Enjay Butyl for rubber components of the hydraulic 
systems in many of its famous DC-7 airliners. These components, which 
help assure the dependable operation of everything from wing flaps to 
landing gear, are proving over millions of air miles their durability 
and resistance to wear. 

Versatile Enjay Butyl rubber may well have a place in your operation. 
It will pay you to investigate the many technical advantages it has 
over other types of rubber. Its price and ready availability are advan- 2 U T ¥ L 
tages, too. For full information, and for technical assistance in the uses 
of Enjay Butyl, contact the Enjay Company today. 





Enjay Butyl is the super-durable rubber 
with outstanding resistance to aging « 
ENJAY COMPANY, INC., 15 West Sist Street, New York 19, N.Y. 2Drasion + tear + chipping + cracking + 


: . s ozone ; -oron chemicals + gases 
Other offices: Akron « Boston + Chicago « Los Angeles + Tulsa one and corona + chemica 


Pioneer in Petrochemicals 


« heat « cold « sunlight « moisture. 
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EASY TO MACHINE! 


EASY TO ETCH! 


The closely bonded foil can be 
etched cleanly and dipped in 
hot solder to 220°C. (428°F.) 
for ten seconds with a guaran- 





tee of no blistering or separat- 
ing. HIGH BOND STRENGTH is 
an all-important virtue of C-D-F 
Metal-Clads. 


As manufactured by 
INSULATED CIRCUITS, INC., WEST CALDWELL, N. J. 


Your printed circuitry is off to a good start 
when you specify one of C-D-F’s Metal-Clad 
Dilecto grades. Base materials are uniform, 
almost homogeneous—therefore easier to 
punch, drill, form...with less waste of expen- 
sive time and materials. 


As manufactured by 
INSULATED CIRCUITS, INC. 
WEST CALDWELL, N. J. 





FOUR FEATURES 
YOU GET WITH 


C-D-F 


METAL-CLAD 
LAMINATES 


EASY TO ASSEMBLE! 


Automatic or hand assembly is 
speeded when printed circuits 
are on dimensionally stable 
C-D-F Dilecto. Minimum warp 
and twist. Unlike many mate- 
rials, Dilecto can be dropped, 
jammed into tight chassis, 
treated roughly in assembly 
and service. 


As manufactured by 
INSULATED CIRCUITS, INC. 
WEST CALDWELL, N. J. 


EASY TO SELL! 


C-D-F Metal-Clad Dilecto 
A laminated plastic with cop- Write for new Metal-Clad 





As manufactured by 
Regency Division, |.D.E.A., inc 
Indianapolis 26, Ind 


Manufacturers, like 1.D.E.A., Inc., whose 
Regency transistor radio is pictured, find 
C-D-F a big, reliable source of supply. C-D-F 
delivers high-quality laminates on time, to 
meet exacting production schedules. Result: 
better products, made and sold at lower costs! 
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per or aluminum sheet bonded 
tightly to one or both sur- 
faces. Base materials: paper 
or woven glass fabric. Resins: 
phenolic, epoxy, or Teflon*. 
Good deliveries; expert engi- 
neering and fabricating 
service. 


Technical Bulletin, samples 
of all grades. The name and 
address of C-D-F sales engi- 
neer nearest you are listed in 
both Electronics Buyers Guide 
and Product Design File 
(Sweet’s). | *DUPONT TRADEMARK 


improves design... simplifies purchasing... speeds production! 


@> CONTINENTAL DIAMOND FIBR 


CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC 


NEWARK 86 


DELAWARE 
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Grizzly High Voltage Power Cables 


Here are 6 samples of widely used competitive neo- 
prene jackets (stretched 200% of original length) at 
start of test for ozone resistance. 


$x 


Taken 7 hours after start of test—Brand “E” failed 
after 2 hours, 30 minutes. U.S. Grizzly Power Cable's 
jacket showed practically no sign of damage. It did 
not fail until after 18 hours of exposure. 


U. S. Grizzly® High Voltage Power Cables are un- 
matched in performance, durability and all-around 
economy. Order these superior cables from your “U. S.” 
branch, distributor or write Electrical Wire & Cable 
Department, United States Rubber Company, Rocke- 


feller Center, New York 20, N. Y. 


Electrical Wire & Cable Department 


2 hours, 23 minutes after start. Brand “E” is disin- 
tegrating. Brand “B” has failed 13 minutes ago; the 
other brands failed an hour or more before. 


Proved far and away 
the winner in an 
Ozone test 

of 6 leading 


competitive jackets! 


Obsolete wiring can cause power failure, step up ex- 
pense and push down your production. That’s why it’s 
important to make sure your plant is equipped with 
Adequate Wiring — adequate not only for today’s needs 
but also for the increased electrical loads needed in 


your future growth. 


June 1956 
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Regulation in less than '/soth cycle... 
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” Output of mer electromechanical 
regulator. 











‘Gan of Curtiss-Wright Distortion 
Eliminating Voltage Regulator from 
same input. Actual oscillograms of 
60 cps voltage. 


Actual 60 c.p.s. waveform 


PLUS Pure Sine Wave Power 


CURTISS-WRIGHT LINE REGULATOR 


Electronically regulates r.m.s. and peak voltage si- 


multaneously to +1%. 


Reduces typical power line distortion to less than 0.3%. 


Furnishes 1.4 KVA of distortion-free power. 


Introduces no phase shift between input and output. 


Simultaneously provides additional 4 KVA of +1% 
electromechanically regulated power. 


Faster recovery time (less than 
oth cycle, or 330 microsec- 
onds) plus the unique ability to 
eliminate line distortion — these 
are the reasons why the Curtiss- 
Wright Distortion Eliminating 
Voltage Regulator has been chosen 
by more and more laboratories 
and production test departments. 
Besides general laboratory use, 
this line regulator provides sim- 


pler, more accurate calibration of 
meters . . . better design of trans- 
formers, synchros, motors .. . 
easier testing of such components, 
with fewer rejects . . . easier, 
more accurate measurement of 
magnetic properties and receiver 
sensitivity . . . better a.c. com- 
puter performance . . . elimination 
of fast line transient effects. Write 
for details. 


Electronic Component & 
Instrument Sales Department 


ELECTRONICS 


DIVISION 


CURTISS-WRIGHT 


CORPORATION: 


Please mention ELECTRI( 


CARLSTADT, N. 
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States Air Force specifications. For addi- 
tional information, write to W. C. Wilson, 
Servomechanisms, Inc., Eastern Com- 
ponents Division, 625 Main Street, West- 
bury, New York. 


Static Rejector. Combining impulse-noise 
rejection with automatic tuning of the re- 
ceiver to which it is connected, the TRAK 
static rejector is designed to improve the 
reliability of code communication by re- 
ducing message losses and operator fatigue 
caused by static noise and receiver drift. 
The equipment is manufactured by CGS 
Laboratories, Inc., 391 Ludlow Street, 
Stamford, Conn. Operating on the prin- 
ciple that a code signal occupies only a 
narrow frequency band, whereas impulse 
noise characteristically covers a wide 
spectrum, the static rejector contains 
filters which analyze the receiver’s audio 
output at the signal frequency and on each 
side of it. Noise signals in the sideband 
regions are instantaneously subtracted 
from the center channel output, chopping 
‘“‘holes” in the signal when noise occurs and 
leaving only the code signal to be copied. 
Additional noise protection is furnished by 
an adjustable pulse-width discriminator 
which, when set to the appropriate words- 
per-minute rate, eliminates all impulses 
shorter in duration than one “dot.” In 
addition, high-amplitude noise pulses are 
clipped in special bistable trigger circuits. 
Models are available for continuous wave 
transmission and are made to order for 
frequency-shift communication. A _ tech- 
nical leaflet giving circuit information, 
specifications, and tube complement is 
available. 


Picture Tube. The 9-inch rectangular 
picture tube used in the personal television 
receiver recently announced by General 
Electric Company, tube department, Sche- 
nectady, N. Y. represents a radical depar- 
ture from standard cathode ray tube design 
practices. A one-piece funnel and face 


plate assembly made with high-speed glass 
blowing machines similar to those used in 
manufacturing glass containers will be used. 
The one-piece funnel and face plate assem- 
bly will be purchased from a glass supplier 
and an electrical grade lead glass neck will 
be sealed to this assembly at the tube plant. 
The tube has several other design innova- 
tions which could lead to radical changes 
in methods of making tubes of other sizes. 


Resolver for Missile Guidance. A new, 
size 11, high accuracy induction resolver 
with a total functional error of 0.01 per cent 
has been announced by Diehl Manufactur- 
ing Company, Somerville, N. J. Designed 


(Continued on page 52A) 
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. . » designed and built for economy 
in installation and operation 


I-T-E Secondary Unit Substations bring electric power nearer to where you use 
it—make it more dependable—save you time and money. 
They do it in several ways: 


e By bringing higher voltages nearer the load and reducing power losses 

e By reducing voltage drops inherent in long low-voltage runs and increasing machine 
efficiency 
By saving space—all necessary components are housed in one functionally designed unit 


By cutting delivery and installation time—units are assembled, tested and shipped ready 
for immediate installation from one source of supply 


e By protecting plant personnel—all live parts are isolated and metal enclosed 

I-T-E Secondary Unit Substations can be supplied for any application indoor or 
outdoor, and in any standard rating. For complete information, contact your 
nearest I-T-E sales office. Or write I-T-E Circuit Breaker Company, 19th & 
Hamilton Sts., Phila. 30, Pa. 


I-T-E CIRCUIT BREAKER COMPANY © Switchgear Division 
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Can you see THE 
BIG 


Pic TURE? 


We are looking for engineers who can 
write—but not men whose interest is limited 
to details of circuit design and 
maintenance and operating 
procedures. We want engineers who 


can see THE BIG PICTURE. 


Our organization is the leader in 
developing airborne electronic 
systems. In fact, it has developed the 
electronic system for every 
all-weather interceptor in the United 
States and Canadian Air Forces. 
An important part of our work is 
reporting progress on current 
projects to our customers. 
For this we have established an 
engineering writing group to 
write reports, brochures, and 
films. Engineering writers have 
the same relative status and 
salaries as our other 
engineering specialists. 


to qualify 


for the engineering writing 
group an individual must be 
both a competent engineer 
and a skilled writer. He must 
have a good grasp of concepts 
in the fields of radar, digital 
and analog computers, com- 
munication, and flight control 
equipment. He must be able 
to secure the proper informa- 
tion from key engineers in a 
minimum of time—then quickly 
put it in concise, lucid, written 
form. If you think you might 
be qualified for this work, please 
send us a resume of your 
education and experience. It will 
receive prompt attention. 





RESEARCH 
AND DEVELOPMENT 
LABORATORIES 


Scientific Staff Relations 
HUGHES AIRCRAFT 
COMPANY 

Culver City, Los Angeles 
County, California 
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New Products 
(Continued from page 50A) 


to meet the environmental requirements of 
the Armed Forces, the new resolver is com- 
pletely machine wound. According to the 
manufacturer, when both the rotor and the 
stator are machine wound the uniformity of 


om 

the product yields high performance qual- 
ity. Further, the resolver has a high input 
impedance, permitting an excitation volt- 
age of 110 volts a-c at 400 cycles. The new 
resolver can function at a 70,000-foot alti- 
tude without pressurization. To enable 
design engineers to adapt the size 11 re- 
solver to their applications easily, the com- 
ponent is provided with a pin-type base 
and mating connector. For further infor- 
mation write or call Diehl Manufacturing 
Company, Finderne Plant, Somerville, 
N. J 


Two 7'/, Ampere Room Units. Two 
Yorkaire room air conditioners that require 
no more electrical current than an ordinary 
household flatiron are featured by York 
Corporation. Greatly increased efficiency 
in the compressor and fan motor permits 
these 1/2-hp units and “Power Saver” 
3/4-hp units to produce ample cooling with 
little more than half the electricity nor- 
mally required. The York units usually can 
be installed without the added cost of re- 
wiring and installation of outlets. This is of 
particular interest to owners of older homes 
but applies as well to many newer homes 
which do not have adequate electrical 
facilities. The new Yorkaire units are 
simple to operate because a single dial 
contrels the fan motor, cooling, and de- 
humidifying. The new ‘“Power-Saver” 
York room air conditions can be mounted 
flush with drapes inside the room, or flush 
with the building outside. The York 
Corporation of York, Pa, has a complete 
line of room air conditioners called the 
Yorkaire Hi-Ef series. 


Self-Servicing Television Amplifier. A 
new type distributed line television ampli- 
fier that literally has nine lives and is self- 
servicing, continuing to give uninterrupted 
service even after tube failure, has been in- 
troduced by the Ampli-Vision Division of 
International Telemeter Corporation, a 
subsidiary of Paramount Pictures Corpora- 
tion. Built in accordance with public 
utility specifications, found in more costly 
products, the unique amplifier, known as 
the Dynam 777, has been made available 
for the first time in the low-priced field. A 
counterpart of Ampli-Vision’s famous line 
of high efficiency distributed line amplifiers, 
the Dynam 777 was especially designed for 
use in the rapidly expanding field of master 
television system installations, including 
hotels, motels, apartment houses, and other 
multiple dwellings. 


(Continued on page 56A) 


JUNE 1956 





HUGHES 
MEMOTRON 


A NEW TYPE OF 
CATHODE RAY TUBE 


MAINTAINS brilliant traces indefinitely. 


Now you can examine nonrecurrent 
phenomena without resorting to 
photography. The Memotron, a direct 
display cathode ray storage tube, retains 
transients— permits leisurely examination 
on the tube face itself. 

There is no blooming or fading. 

And the high tube brilliance permits its 
use without a hood, even in 

well-lighted surroundings. 


DISPLAYS successive transient writings. 


Even the most complex patterns can be 
superimposed or shifted in position. The 
Memotron tube thereby enables you to 
make convenient comparisons 


and analyses. 


INSURES superior file records. 


When a file record is needed, photography 
is greatly simplified because all displays 
occur at a constant, uniform 

brightness regardless of differences in 
writing speeds. Therefore, a single camera 


exposure setting is sufficient. 


FUNCTIONS as curve plotter. 


An oscillograph equipped with a 
Memotron combines, into one instrument, 
pen-recorder performance at low 
frequencies and oscillograph performance 
at high frequencies. Successive writings 
may be stored to produce a family 


of curves. 


TYPICAL APPLICATIONS: Asa read 


out device for the display of solutions 
FOR TRA HAT STAY 
Ser i Se sieie produced by an analog computer... for 
Illustrated: a technique for : 
lott . - recording shock transients during shock 
plotting a family of curves, f pare: a ¥ . 
representing a coupled circuit testing ...in medicine for electro- 
with varied parameters. cardiography and vector-cardiography 
Our engineers are available for 
consultation on special Memotron 
applications. 


GENERAL SPECIFICATIONS 


RESOLUTION...50 to 60 written line 
A DIVISION OF THE HUGHES AIRCRAFT COMPANY WRITING 0 to at least 1 
| second alected tubes exce 


) foot-lamberts. 


For descriptive literature and information on commercially JSABLE SCREEN DIAMETER...4i 
available oscilloscopes featuring the Memotron, please write: 


ver-all length: 18 1/2 inches 


HUGHES PRODUCTS Bulb diameter: 55/s inches, ma 
Neck diameter: 21/4 inches, + 
ELECTRON TUBES 


© 1956, H.A.C. Los Angeles 45, California 
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RADIO'S 
ONE- 
WAY 
STREET 


Dr. S. Weisbaum assembles an isolator which he 
developed for use in a new microwave system. Dr. 
Weisbaum is a Ph.D. in microwave spectroscopy from 
New York University. He is one of many young men 
at Bell Laboratories applying the insight of the physi- 


cist to develop new systems of communication. 


New radio relay systems for telephone and television now 
in the making will employ an ingenious device invented by 
Bell scientists. The device, known as an “isolator,” senses 
which way microwaves are traveling through a waveguide, 
and stops those going the wrong way. 

In the new systems a klystron wave generator sends Tie snr ot tre eoletor 
signals through a waveguide to the antenna. The klystron is a ferrite slab. 
must be shielded from waves reflected back along the wave- Geometric pattern 
guide by the antenna. The isolator stops reflections, yet is a carbon layer 
allows the transmitted signals to go through clear and strong. which dissipates 
reflected signals. 

This isolator is a slab of ferrite which is mounted inside 
the waveguide, and is kept magnetized by a permanent mag- 
net strapped to the outside. The magnetized ferrite pushes 
aside outgoing waves, while unwanted reflected waves are 
drawn into the ferrite and dissipated. This “field displace- q At a radio relay station 
ment” action results from the interplay between microwaves an isolator assures 
and a ferrite’s spinning electrons. Bell physicists discovered aay Teun 


i : . ) ; ; from the output of the 
this action during their fundamental studies of ferrites. . 








amplifier to the antenna. 





This is another example of how Bell Telephone Labora- ae 


tories research works to improve American telephony and 
telecommunications throughout the world. 





BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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ROEBLING PAPER POWER CABLE 
WITH TELLURIUM LEAD ALLOY SHEATH 


TELLURIUM LEAD ALLOY HAS 


1 
2 TI Mi ES U-BEND FATIGUE TEST 


3/C - 350,000 CM - 2.7" DIA 

THE FATIGUE RESISTANCE OF COPPER-BEARING BEND RADIUS - 19" - 7 x DIA 

@ TELLURIUM ALLOY - 320° F QUENCH 
LEAD AT A BENDING STRAIN OF .3% OO COPPER BEARING LEAD 








100, es a ee 
20,000 BENDING CYCLES for tellurium alloy... only 4,500 9 ~_ F ] 


cycles for copper-bearing lead! That’s one of the important find- | TELLURIUM ALLOY 
ings from U-bend tests illustrated at the right. These tests were 6 [ vs 

conducted in temperature-controlled ovens on full cable sec- 4 | COPPER-BEARING LEAD 
tions at 150°F, one cycle per minute and at a bending radius SMALL BEND RADIUS 
of 7 times the cable diameter. Even under these adverse 





conditions of high temperatures and small bending radii, | TEMP - 150°F 
the tellurium alloy maintains its superiority. Copper- CYCLE - 1/MIN 
bearing lead cable sheaths develop fatigue cracks 

and fail far too soon. So—for the really superior 

cable sheath with longer life expectancy under 

all conditions—specify Roebling Tellurium 

Lead Alloy Sheath. Write for full facts 

about the most outstanding sheath 

development in years. 








STROKE IN INCHES 


ROEBLING ELECTRICAL WIRES 1.54 275 


AND CABLES ARE AVAILABLE 


WITH EITHER COPPER OR 02 04 06 08 
ALUMINUM CONDUCTORS PERCENT STRAIN 


ROE ES iRi<cé&; 


Subsidiary of The Colorado Fuel and Iron Corporation 
JOHN A. ROEBLING'’S SONS CORPORATION, TRENTON 2, N. J. srancHes: ATLANTA, 934 AVONAVE. ¢ BOSTON, 11-15 STILLING ST. * CHICAGO, S528 


W. ROOSEVELTRO. + CINCINNAT!, 3253 FREDONIA AVE. © CLEVELAND, 13225 LAKEWOOD HEIGHTS BLVD. + DENVER, 4601 JACKSON ST. + DETROIT, 91S 
FIGHER BLOG. + HOUSTON, 6216 NAVIGATION BLVD. «+ LOS ANGELES, 5340 €.HARGOR ST. + NEW YORK, 19 RECTOR ST. + GOESSA, TEXAS, 1920 £€.2N0 


ST. © PHILADELPHIA, 230 VINE ST. « PITTSBURGH, 1723 HENRY W. OLIVER BLOG. «+ SAN FRANCISCO, 1740 17TH ST. . SEATTLE, 900 
1ST AVE. S. + TULSA, 321 N. CHEYENNE ST. + EXPORT SALES OFFICE, 19 RECTOR ST.,NEW YORK 6, N.Y. (F] 
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(Continued from page 52A) 
TRADE LITERATURE 


Industrial Atomic Energy Developments. 
rhis release is intended to serve American 
industry as a guide to Atomic Energy Com- 
mission (AEC) developed unclassified 
information of special industrial interest. 
You will find listed current AEC unclassi- 
fied reports on technology. Every effort 
has been made to limit coverage to reports 
of AEC developments of direct industrial 
interest, as distinguished from _ reports 
covering developments more scientific or 
theoretical in nature. All of the reports 
listed in this release may be inspected at the 
following AEC industrial information de- 
positories: Atomic Industrial Forum, Inc., 
260 Madison Avenue, New York 16, N. Y.; 
Georgia Institute of Technology Library, 
Atlanta, Ga.; the John Crerar Library, 86 
East Randolph Street, Chicago 1, IIL; 
and Stanford Research Institute, Stanford, 
Calif. In addition to maintaining their re- 
ports in convenient form for reference use, 
these depositories have agreed to furnish all 
requesters, at nominal charge, photocopies 
of any report in their AEC collection. The 
AEC encourages reproduction of AEC un- 
classified reports, subject to prior arrange- 
ment with the authors and with the con- 
tracting organizations for which they work. 
Any organization interested in receiving 
subsequent releases of ‘‘Nuclear Notes for 
Industry” should write to the Industrial In- 
formation Branch, U. S. Atomic Energy 
Commission, Washington 25, D. C 


Enclosure Folder Available. ‘The publica- 
tion of a new folder about Shielding’s re- 
cently developed universal enclosure has 
been announced. This 4-page folder gives 
thorough information concerning design 
features, construction, and applications of 
this new type enclosure. Handy attenua- 
tion chart, detailed illustrations of con- 
struction details, and easy to read ordering 
data are all prominently displayed. To ob- 
tain copies of this new folder, write to 


Shielding, Inc., Box 217, Riverside, N. J. 


Distribution Transformer Bulletin. An 
informative 32-page bulletin providing de- 
sign and product data on single- and 3-phase 
distribution transformers, with high-volt- 
age ratings from 480 to 15,000 volts, has 
been published by the Gardner Trans- 
former Division, Federal Pacific Electric 
Company. Transformers featured in the 
bulletin utilize special silicon steel cores. 
Ihe oriented core material contributes to 
lightweight designs that require less copper, 
oil, and smaller tanks; electrical regulation 
is improved and maintenance is reduced. 
Use of inhibited oil is described as a safety 
factor with increased intervals between in- 
spections, and extended transformer life 
due to ability to handle peak loads. Thirty- 
eight data tables are given. Three-phase 
transformer data is supplied in 22 tables. 
Copies of Bulletin No. 3-500 may be ob- 
tained on request to the sales department, 
Gardner Transformer Division, Federal 
Pacific Electric Company, Emeryville 8, 
Calif. 


(Continued on page 70A) 


TYPE AN/TRC-1 F-M V-H-F RADIO EQUIPMENT 


The type AN/TRC-1 radio system transmits up to 5 frequency-division- 
multiplex voice channels on any one of 300 radio channels in the band from 
"70 to 100 mc. The original design was widely used by the U.S. Signal Corps 
in World War Il, and an improved version is currently in production. This 


system has a frequency deviation of 


30 kc. It transmits the band of 300 


cycles to 20 kc with a maximum variation of 3db and negligible distortion. 








Power supply is 115 volts 50 to 60 cycles A.C. The units can be supplied for 
fixed-plant installation, or in tactical-type carrying cases. 

The system has a self-contained 3-kc order-wire channel, and frequency 
space for four 3400-cycle voice circuits, derived from a separate carrier- 
telephone terminal. Suitable carrier-telephone and carrier-telegraph termi- 
nals are available. 

Type T-14J/TRC-1 Transmitter: 40 watts output, crystal-controlled, — 12 dbm 
input, 350 watts power requirement, dims. 10Y2x12%4x17% ins., weight 95 Ibs. 
Type R-19J/TRC-1 Receiver: Double-conversion superheterodyne, crystal- 
controlled, -+-20 dbm output, 100 watts power requirement, dimensions 
7%4x12%x17% ins., weight 80 Ibs. 

Type TS-32D/TRC-1 Oscillator: Three-tube test oscillator giving modulated 
signal for aligning a receiver, from which it obtains its power supply. 

Type AS-20B/TRC-1 Antenna: Three-element dipole array, adjustable over 
band 70-100 mc. Contained in carrying case with spare elements, tools, 
coaxial cables, and all accessories. Does not include mast. 

Type AM-8C/TRA-1 Amplifier: Power amplifier for use with T-14 Trans- 
mitter, 200 watts output. Obtains power from PP-13 Power Supply. Dimen- 
sions 11%2x124%4x17% ins., weight 75 Ibs. 

PP-13D/TRA-1 Power Supply: Supplies power to one AM-8 Amplifier. 
Power requirement 800 watts. Weight 194 Ibs. Dimensions 12x12'%4x34 ins. 


RADIO ENGINEERING PRODUCTS 


1080 UNIVERSITY STREET, MONTREAL 3, CANADA 
Telephone: UNiversity 6-6887 Cable Address: Radenpro, Montreal 


MANUFACTURERS OF CARRIER-TELEGRAPH, CARRIER-TELEPHONE AND BROAD BAND RADIO SYSTEMS 


Pl 





Master Test Code 
for 


ELECTRICAL 
MEASUREMENTS 


in Power Circuits 
(November 1955) 


This code gives instructions for 
those measurements of electrical 
quantities which are commonly 
needed in determining the per- 
formance characteristics of elec- 
tric machinery and equipment. 
The choice of method and instru- 
ments to be used in any given 
case depends on the purpose of 
the measurement, the accuracy 
required, the time and testing 
equipment available and the 
nature of the circuit to be meas- 
ured. 


Scope—The methods given in- 
clude measurements, as made 
with either indicating or inte- 
grating instruments, of power, 
voltage and current in direct- 
current and alternating-current 
single-phase and polyphase ro- 
tating machinery, transformers, 
induction apparatus, arc and 
resistance heating equipment and 
mercury arc rectifiers. It also 
includes measurements made with 
supplementary instruments and 
devices. This code does not 
include such measurements as 
resistance and temperature which 
are often included in determin- 
ing the performance characteris- 
tics of electric machinery. 


It should be noted that this code 
does not include all possible tests 
on electric apparatus or tests 
conducted for research purposes. 


Price: $1.20 to nonmembers; 
$0.60 to members. Orders should 
be sent to: 


Order Department 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N. Y. 
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GREAT... WDEN iT COMES TO ENDURANCE 


Alexander the Great’s physical endurance 
was legendary, well-nigh superhuman. Tough- 
ness and resistance were vital in Alexander’s 
time .. . and they are today, too—in the 
cables that serve as the nerve system of 
transportation, power and industry. 

Moisture, heat, cold, deteriorating ele- 
ments, time itself—all combine to make 
inroads on cable installed underground, un- 
der water, or exposed to the air. 


Kerite is designed to withstand these con- 
ditions—for years. Incredible as it may seem, 
Kerite Cable, in perfect operating condition 
after 30, 40, 50 and more years service in 
rugged applications throughout the world 
is the ru/e rather than the exception. 

Nothing, of course, lasts forever . . . but 
Kerite lasts indefinitely. It represents one 
of the wisest investments in service that 
can be made. 


The value and service life of a product can be no greater than the integrity and.craftsmanship of its maker. 


KERITE CABLE 


THE KERITE COMPANY—30 Church St., New York 7, N. Y. 


Founded 1854 


Offices also at 122 S. Michigan Ave., Chicago; 582 Market St., San Francisco; 


3901 San Fernando Rd., Glendale 4, Calif.; 31 St. James Ave., Boston 
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FLORIDA POWER CORPORATION 


EXPANDS 
CAPACITY 


Suwannee Plant, St. Petersburg, Florida 


le id 


Since 1946 Florida Power Corporation has been expanding 
its generating capacity so that at the end of 1955 it had 
a net generating capacity of 507,628 kw. 


To insure safe dependable operation of its control circuit 
Florida Power Corporation installed 207,600 ft. of 
No. 9AWG Rockbestos PNR Small Diameter Control Cable. 


You, too, can benefit with Rockbestos PNR. This outstanding control 
cable lets you pull 12 conductors in conduit where before 

you had only seven. You save conduit and fittings 

. cut installation costs. Get the full story today. 

Write or call your nearest Rockbestos Field Engineer. 


“Average determined by comparison with conventional control cable. 


ROCKBESTOS PRODUCTS 
NEW HAVEN 4, CONN. 
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Turbine board, Higgins Plant, Unit #2 


ROCKGESTOS PNR 


SMALL DIAMETER CONTROL CABLE 


PROPERTIES OF PNR 


46% smaller in area* . . . 28% smaller in 
diameter* than conventional control cable. 
Use smaller conduit and fittings or put more 
conductors in existing conduit. 

Lighter, easier to handle, store, ship, pull 
through conduit. 

Dielectric breakdown . . . over 40 times 
operating voltage. 

Rated 600 volts . . . conductor operating 
temperature 167°F. 

Flexible from 167° to —67°F. 

No cracking ! 


CORPORATION 
NEW YORK + CLEVELAND,+ DETROIT 
CHICAGO « PITTSBURGH * ST. LOUIS 
LOS ANGELES * NEW ORLEANS 
OAKLAND, CALIFORNIA 
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For sealed connectors 
under water 


Cannon W Series Connectors op- 
erate successfully under water at 
a depth of 550 feet. Watertight 
coupling is maintained by special 
Acme threads on the coupling 
nuts and shells, and heavy rubber 
sealing rings. Durable brass shells 
and overall rugged construction 
= make the W Connectors ideal for 
heavy duty applications where 
it’s the W Series ‘ough usage is a problem. 

W Connectors are available in 
more than 50 different contact 
arrangements, with as many as 
50 contacts in a single connector. 
Nominal maximum flashover 
value 6,500 v; current ratings to 
200 a. They called this weapon the Peacemaker. 








For engineering data, write for W-3 Bul- In the hands of the Western lawmen, 
letin. Fora general survey of entire Can- 


é it brought peace and order to the 
non line, request Cannon Plug Guide. 


Gr turbulent frontier 


\ E — ' : 
CANNON ee Ee he jf) py hr In the West today, Sandia Corporation 


tvaren 
Since 1915 


CANNON ELECTRIC COMPANY, LOS ANGELES 31, CALIFORNIA 


Factories in Los Angeles, Terente, New Haven. © Representatives in principal cities. 
Address inquiries to Cannon Electric Company, Dept. 117, Los Angeles 31, Calif 


engineers and scientists explore new 
frontiers in research and development 
engineering to produce modern peacemakers 
. the nuclear weapons that deter 
aggression and provide a vital element of 


security for the nations of the free world. 


Sandia Corporation, a subsidiary of the 


WALKER SELENIUM RECTIFIERS Western Electric ¢ ompany, Operates 


INSTALL THEM — FORGET: THEM Sandia Laboratory in Albuquerque, N. M 
Engineered for i> 4ineme 4:\¢1 as of ; and a branch installation at Livermore, Cal 
/ Youn (om lem le)’ 44°1 CONVERSION under direct contract with the Atomic 


Energy Commission. At both of these 


LOW COST, QUIET. : se A locations, engineers and scientists who 
HIGHLY EFFICIENT, LONG LIFE =. look to the future find challenge and 
NO MAINTENANCE , : opportunity .. . the challenge of advanced 


Walker Selenium Recti- 3 problems in a broad range of research 
fiers are engineered and ks 
built to give extra years 
of service and inexpen- 
sive operation. They are ; ren 
highly efficient, have a : : new field. In addition, they enjoy excellent 
power factor of 97% —= living and working conditions, and 

and a DC ripple of ap- 1 Sy outstanding employee benefits 
proximately 4%. All + 
Walker Rectifiers are é ‘ Qualified engineers and scientists 

low priced. Only the interested in joining our professional staff 
highest quality compo- are invited to write for further details. 
nents are used. Any num- 
ber of rectifiers may be : 
paralleled. Write for full STAFF EMPLOYMENT DIVISION 381. 
details, today. 


and development activities, and the 
opportunity for professional growth and 


individual advancement in a stimulating 


Please address 


<Waiker > SAN DIA 
pes! a . CORPORATION 
— 


THE WALKER DIVISION 
NORMA-HOFFMANN BEARINGS CORPORATION ALBUQUERQUE. NEW MEXICO 
STAMFORD, CONNECTICUT 
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Wiwas aa WAY away 


Cable insulation that can’t take it 
... 1S water over the dam! 


Losing power through weak cable insulation is fast 
becoming a thing of the past. For, more and more, to- 
day’s trend is toward Simplex-ANHYDREX XX insulated 
cables — which withstand the toughest punishment in 
any location. 


Simplex-ANHYDREX XX insulated cables are designed and 
built to operate under conditions that would destroy any 
other insulation. They operate at voltages of 2,000 to 25,000 
or more, at a conductor temperature as high as 80° C. 


The ANHYDREX XxX insulation is practically immune to the 
action of ozone or other oxidizing agents. Simplex guarantees 
water absorption of no more than 15 milligrams per square 
inch of exposed surface. 


Features like these are making Simplex-ANHYDREX XX 
cable first choice for all power transmission lines—no matter 
where the location or what the conditions. 


Be sure to specify Simplex-ANHYDREX XX for your high 
voltage applications. For more information, write for booklet 
1009. SIMPLEX WIRE & CABLE CO., 79 Sidney Street, 
Cambridge 39, Mass. 











YicTor PROGRESS REPORT 


FIRST IN THE 
INDUSTRY 


TO INSTALL 


water 





Visier’s extensive ceramic research first brought Exhaustive tests have proved that Victor Puri- 


to light the fact that minerals in processing water 
cause microscopic agglomerates of glass-like im- 
purities which result in fluctuations in insulator 
characteristics. As a result, Victor was the first 
porcelain insulator manufacturer to install water 
demineralization equipment, part of which is 
shown above. For several years, all processing water 


used in Victor’s plant has been demineralized. 


1f°F 7) Ip 


e) 3 20) 8 we IGGYIGIS 


| sabbaibal-oMe ate} alor-)F-bhal 





Insulators! 


tH 


Low and High Voltage Pintypes »* Suspensions + Guy Strains 


VICTOR INSULATORS DIVISION 
1-T-E CIRCUIT BREAKER CO 
VICTOR, N.Y. 


fied Porcelain Insulators, made with demineralized 


water, have: (1 


(2) unmatched porcelain hardness and density; 


improved thermal resistance; 


(3) higher average puncture values, and (4) better 
tension, torsion, cantilever and impact values. 

Another example of Victor's ability to give you 
better insulators through research and modern 
manufacturing facilities. 


Spools « Switch and Bus Insulators + Custom Designed Porcelain 
Insulator Hardware 


“BETTER INSULATORS THROUGH RESEARCH’’ 
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~ MINUTES 


MINUTES 


THERMAL OVERCURRENT TRIP 


oe 


CURRENT LIMITING DEVICE 
(AMP TRAP) 





INSTANTANEOUS 
OVERCURRENT TRIP 


———— 


RMS AMPERES 





TIC CURVE 
PICAL OPERATIONAL CHARACTERIS 
” FOR THE “CORDON” CIRCUIT BREAKER 











HOW IT WORKS: Combining and coordinating 
standard circuit breaker characteristics with specially 
designed current limiting Amp-traps, the ‘““Cordon”’ cir- 
cuit breaker achieves the characteristics shown above. 

The thermal-magnetic overcurrent devices provide 
coordinated protection against overloads and short cir- 
cuits up to a predetermined value (crossover point). 
At this point the current limiting Amp-traps assume 
the fault-clearing duty and extend short circuit pro- 
tection to 100,000 rms amperes. 

Unless the magnitude of a short circuit reaches the 
crossover point, the Amp-traps are unaffected, and the 
standard circuit breaker overcurrent devices perform 
their normal function. Since the fast clearing time of the 
Amp-trap (less than 44 cycle) provides current limiting, 
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the magnetic and thermal stresses, which are propor- 
tional to the square of the current, are greatly reduced. 
Consequently, the standard molded case type circuit 
breaker safely withstands the heavy fault current. It is 
unnecessary to design bus-supporting members or cur- 
rent-carrying parts to meet the maximum peak current. 

The Amp-traps are mounted in a molded housing 
which plugs into the load side of the breaker, forming 
one compact unit. A design feature of the “‘Cordon’”’ 
circuit breaker actuates a common tripper bar when any 
Amp-trap blows, opening all poles of the circuit breaker. 
Until the blown Amp-trap is replaced the circuit breaker 
cannot be closed. A mechanical linkage arrangement 
automatically opens the circuit breaker before the 
Amp-trap housing is removed. 


June 1956 





New I-T-E “CORDON” 
Circuit Breaker 


100,000 amp interrupting rating 
in molded case circuit breakers 


Now—one compact circuit breaker provides the 
practical, economical solution to meet con- 
stantly increasing interrupting requirements. 
The new “Cordon” circuit breaker provides all 
of the design and operating advantages of the 
famed I-T-E molded case breaker, plus inter- 
rupting ability up to 100,000 rms amperes. 
The “Cordon” circuit breaker can be utilized 


in normal branch and feeder circuit applica- 
tions in switchboards, panelboards, load centers, 
and individual enclosures. Plug-in mounting, 
rear connected studs, or front connected termi- 
nal mounting arrangements are optional. 

“Cordon” circuit breakers are available with 
2 or 3-pole construction in 100, 225, 400 and 600 
ampere frame sizes, 250 v d-c and 600 v a-c. 
Write for complete details or call your nearest 
I-T-E office. I-T-E Circuit Breaker Company, 
Small Air Circuit Breaker Division, 19th & 
Hamilton Sts., Phila. 30, Pa 


The Amp-traps are mounted in a 
molded housing which plugs into the 
load side of the breaker. When any 
Amp-trap blows, all poles of the 


breaker are opened. 





Draw-out design feature of Amp-trap housing provides 
accessibility to simplify change of Amp-trap. Amp-trap 
stud design assures proper alignment and positive con- 
nection when inserted in the breaker frame. 


To replace a blown Amp-trap (indicated by released 
plunger), simply loosen two screws, remove the retain- 
ing bar, withdraw the blown unit, insert the new one, 
and replace the retaining bar. 


I-T-E CIRCUIT BREAKER COMPANY 


Small Air Circuit Breaker Division 
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SIMPLICITY of 


Thorex lightning arrester pays 
dividends in cost and protection 


Only nine stacking bolts! 

This 230-kv Thorex lightning arrester, 12) feet high, 
consists of only four units. Three simple 3-bolt connec- 
tions add practically nothing to construction time. The 
entire pole was completed in less than 30 minutes. This 
kind of time-saving has a real dollar value -- it makes 
Thorex arresters a better investment. 

There’s an operating angle to this of equal importance. 
In this 230-kv stack, there are only eight seals. Air and 
moisture are the enemies of an arrester. Regardless of 
how good the seals may be -- and we make good ones 
-- it is only plain common sense that fewer seals means 
greater safety. 

Nobody wants a bargain in lightning arresters, unless 
it is a mighty sound bargain. But, add-up these factors: 
The finest grade of equipment protection - Lower con- 
struction costs - Higher reliability. How better could you 
spend your money? 


OHIO BRASS COMPANY . MANSFIELD, OHIO 
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DOW CORNING 
CORPORATION 


Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS 
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Class H Silicone-glass Parts 
Save Space, Speed Assembly 


Excellent post-formability of parts 
made with Dow Corning silicone bonded 
glass cloth contributes to growing mar- 
ket developed by Stevens Products, Inc., 
East Orange, N. J. Such parts cut 
assembly time, save space, give long 
service at Class H temperatures in 
motors and generators. 


Custom-designed to displace assemblies 
that are normally taped, Stevens Products 
has developed a variety of post-formed 
silicone-glass laminated parts that elimi- 
nate seams, give more reliable performance 
and save assembly time and labor. A 
2-ply interpole assembly, for instance, in- 
volves only two parts compared to six 
parts and the taping operation previously 
required. Over 1 million of these as- 
semblies have been manufactured to date 
for use in generators. 


Other post-formed silicone laminated parts 
include rotor covers, end caps, shaft col- 
lars, slot liners and bobbins, as well as 
insulating covers for a wide variety of 
electric and electronic parts. Rigid rec- 
tangular or circular tubing is also fabri- 
cated for transformers. Many of these 
parts involve complex configurations and 
deep draws. No. 23 





Silicone dielectrics most widely used are de- 
scribed in the 1956 Reference Guide to Dow 
Corning Silicone Products. The brief but com- 
prehensive description of each material includes 
a review of properties and applications. With 
increasing demands for high temperature oper- 
ation, such a guide to these remarkably stable 
dielectrics should be immediately available to 
every electrical and electronic engineer. No. 24 





AIRCRAFT WARM-UP TIME REDUCED 
BY SILASTIC INSULATED HEATERS 


Meeting more closely than any other 
material the requirements of an ideal 
dielectric, Silastic* has proved its su- 
periority in many applications ranging 
from traction motors to wire and cable. 
Here, for example, is how Silastic “R” 
Tape is used by Safeway Heat Ele- 
ments, Inc., Middletown, Conn., to pro- 
duce a line of woven resistance wire 
heaters that meet the demand for faster 
aircraft warm-up. 





OVEN-HOT AIR USED TO COOL 
SILICONE INSULATED EQUIPMENT 


Cool electrical equipment with air that 
has a temperature of 250 F? Yes you 
can, providing the equipment is pro- 
tected with Dow Corning silicone in- 
sulation. Here’s how Westinghouse 
engineers put 250 F air to work cooling 
their new 40 kva, 400 cycle alternators 
or a-c generators for jet planes. 


When a jet plane is hurtling through low 
altitude atmosphere at the speed of sound, 
air available for cooling purposes may 
have a temperature as high as 250 F. Far 
from cooling organic electrical insulating 
materials, these high ambients cause them 
to burn up in short order. At high alti- 
tudes, air temperature drops to —70 F, 
but the air is so thin, it has less heat- 
absorbing power than at low altitudes. 


That’s why Westinghouse uses silicone 
(Class H) insulation in their jet plane 
alternator. Operable at temperatures in 
the range of 480 F and higher, the silicone 
insulation is actually cooled by air hot 
enough to cause rapid failure of ordinary 


insulating materials. 


To provide maximum cooling effect at any | 


altitude, the Westinghouse alternator is 
fitted with a cone and hood combination 


that directs air to the critical pole and rear | 


bearing areas. 


oxidation resistance and thermal stability, | 


Dow Corning 44 Grease is used to lubri- 


cate the bearings. No. 25 





Because of its exceptional | 


These heaters are 

made in a wide range 

of shapes and sizes 

for easy application 

to aircraft instruments 

which must be brought 

quickly to correct op- 

erating temperatures. 

The heating element is 

sandwiched between 

single layers of Silastic 

R Tape. The assembly is then vulcanized 
to form a void-free, moisture-proof jacket 
with maximum flexibility, minimum thick- 
ness and high thermal conductivity. Lead 
wires are insulated with a Silastic impreg- 
nated sleeving (Turbo 117) made by 
William Brand. 

Single and double circuits are available in 
watt densities ranging up to 40 watts per 
square over the 
entire area assure fast warm-up and con- 


inch. Double circuits 
tinued warmth. 
Safeway heaters may be tied, bonded, 
snapped or bolted into position. Typical 
applications include gyros, bearings, cam- 
eras, valves, hoses and pitot tubes. Such 
in fluids that 
must be quickly heated or maintained at 
optimum operating temperatures. 


heaters are also immersed 


Although surface temperatures of many of 
the thousands of heater now in 
service exceed 450 F, not a single failure 
of the Silastic insulation has been reported. 
° No. 26 
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Send Coupon for More 
Information 
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RoZone insulated, RoSeal sheathed, shielded power 
cable for high-voltage application through 15 kv. 


Why a Thermoplastic Sheath 
on Rubber Insulated Shielded Power Cable ? 


When you buy shielded power cable 

you don’t generally inquire, “why have 

a sheath at all?” But it would be a fair 

question, answered something like this: 
You (and we) expect a nonmetallic 

sheath on shielded power cable to: 

1. Protect the insulation and - shield 

during installation. 

Be equally satisfactory for use in 

ducts, buried directly in earth and 

aerially. 

Resist weather and soil conditions. 

Have adequate moisture resistance. 

Be easy to pull, handle, install. 

Resist burning. 

Be flexible enough for installation 

at sub-zero temperatures. 

Be durable and homogenous. 


Originally, braids and lead 

Early efforts to meet these require- 
ments involved fabric braids or lead 
sheaths. Braided coverings were rela- 
tively inexpensive; but they rapidly ox- 
idized and rotted. Lead was (and is) a 
fine protector; but it was costly, hard 
to handle, it corroded, and was easily 
damaged. 


Next, Neoprene 

In 1932, a few cable makers began 
using Neoprene instead of the conven- 
tional older materials. As a sheathing 
material, Neoprene offered definite ad- 
vantages over lead and braids. Obvious- 
ly, Neoprene solved the rotting prob- 
lem with braid. And, used in place of 
lead, Neoprene has cut cable cost, made 


handling easier, and resisted damage 
better. It provided oil, flame and sun- 
light resistance when used over rubber. 


Next problem, shielding 

But at certain voltage levels the elec- 
trostatic shielding formerly provided 
by lead sheathing was still needed. The 
IPCEA shielding recommendations 
were established and the logical solu- 
tion to achieve the shielding effect was 
a metallic tape wrap between the insu- 
lation and the nonmetallic sheath. 


The solution 
After years of research, we developed 
a material of which we're very proud. 
Its name is RoSeal and it is a thermo- 
plastic. Applied over premium quality 
RoZone insulation, RoSeal is a com- 
pletely satisfactory sheath for shielded 
cable rated up to 15 kv. 
Here’s what you'll get from RoSeal 
1. A rugged protective covering with 
toughness and other good mechani- 
cal properties. 
Resistance to attacks from any mi- 
cro-organisms. 
Resistance to weathering and soil 
conditions (equal to Neoprene). 
Exceptional moisture resistance (su- 
perior to Neoprene). 
Much easier pulling (RoSeal’s fric- 
tion coefficient is lower than that of 
any other sheathing material be- 
cause of its waxy structure). Pulling 
lubricants not generally required. 


ROME CABLE 





One of a Series 


6. Flame resistance. 
Easy bending (superior to Neo- 
prene) and installation at sub-zero 
temperatures. 
Durability and long life (equal to 
Neoprene). 


And lower cost, too 

This new development, RoSeal, of- 
fers you an additional benefit due to 
the inherent economy of RoSeal sheath 
as compared with Neoprene. 


Other advantages 

In every test, you'll find that RoZone 
insulated, RoSeal sheathed cable has 
uniformly high corona levels and elec- 
trical properties. 

You'll find that RoSeal has greater 
resistance than Neoprene to oils and 
most chemicals and immeasurably bet- 
ter moisture resistance. 

This advantage is of considerable 
importance in industrial applications 
and for direct burial in earth. 


What RoSeal looks like? 


Installation procedures for new Ro- 
Zone-RoSeal are the same as for Neo- 
prene sheathed cable. Its general ap- 
pearance is the same, as are dimen- 
sions, ratings, and everything else. 

You can use RoZone-RoSeal aerial- 
ly, in ducts, and installed directly in 
earth. 


Send for data 
Detailed specs and engineering data 
are yours for the asking. 


CORPORATION, Rome, N. Y. 
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PROPERTY AND APPLICATION DATA 


ON THESE VERSATILE ENGINEERING MATERIALS: 


“ZYTEL,”’ ““ALATHON,”’ "TEFLON," "LUCITE.”’ 


4 


Coil forms of ‘‘Zytel’’ for the General Electric 
AK-4 and AK-5 hook-on volt-ammeters are 
shown above. The high dielectric strength and 
easy moldability of this material make it well 
suited for such applications. Inset shows rela- 
tive size of easily held volt-ammeter. (Coil form 
molded by Plastics Division, General Electric 
Co., Pittsfield, Massachusetts.) 





Type-U clamps of “Zytel” 
save time and money 
in wire bundle installations 


Combining the characteristics of heat 
stability, flexibility and impact strength, 
Du Pont’s ‘‘Zytel’’ nylon resin is now 
being molded as a clamp assembly for 
holding wire bundles. This clamp makes 
it unnecessary to tie the bundles, a prac- 
tice which often resulted in cutting 
through the insulation. 


These clamps cut installation and re- 
wiring costs by simplifying application 
and reducing tool requirements. Fuel 
resistance of “‘Zytel’’ makes these clamps 
especially useful in aircraft and auto- 
mobile manufacture. (Manufactured by 
Dakota Plastics Co., Compton, Calif.) 





Easily installed terminals 
of TEFLON® 
save time, cut costs 


Stand-off and feed through terminals of 
“Teflon” tetrafluoroethylene resin are 
constructed in both miniature and sub- 
miniature sizes. They provide economy 
by reducing labor time and assembly 
costs, These terminals of “Teflon’’ are 
of a molded, one-piece construction, and 
can be simply and permanently mounted 
into chassis holes by means of an inex- 
pensive insertion tool—no other hard- 
ware is needed. (‘‘Press-Fit’’ terminals 
manufactured by the Sealectro Corpo- 
ration, New Rochelle, New York.) 





Light, molded coil forms of ZYTEE nylon resin 


simplify ammeter design problem 


General Electric utilizes 
high dielectric strength of 
“Zytel” in AK-4 and AK-5 


hook-on volt-ammeter 


Compact designs, such as the coil 
form for this G.E. hook-on volt- 
ammeter, are possible when using 
““Zytel”’ nylon resin. ““Zytel” can 
be molded into complex shapes 
...Tetains its strength even in 
thin sections. Another important 
advantage of Du Pont “‘Zytel” is 
that it can be injection-molded 
at low cost per part. 


In electronic applications of all 
kinds, “‘Zytel”’ offers many design 
advantages. It is used for wire and 
cable jacketing and for molded 
components where its mechanical 
strength and heat resistance cou- 
pled with its superior insulating 
characteristics, give outstanding 
results. A thin jacketing of “Zytel”’ 
nylon resin on electrical wire pro- 
vides insulation and excellent 
abrasion resistance. 


It will pay you to investigate 
Du Pont “‘Zytel” for your own use. 
Because of its unique combination 
of properties, “‘Zytel”’ nylon resin 
can do a better job for you in a 
variety of applications. It can be 
molded into light, tough, resilient 
mechanical parts—gears, cams 
and bushings, requiring no lubri- 
cation. “Zytel” features good 
form stability and resistance to 
most solvents and chemicals. 
Parts of “‘Zytel’’ can be 
drilled, sawed, threaded 
or punched. 
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PROPERTY AND APPLICATION DATA 
ON THESE VERSATILE ENGINEERING MATERIALS: 
“ZYTEL,”” “ALATHON,” "TEFLON," "LUCITE.”’ 
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Insulation tape of 
Du Pont TEFLON’ now available 
in N.E.M.A. standard coding colors 


Where high temperatures, high fre- 
quencies, and high voltages are in- 
volved, tape of ‘‘Teflon’’ tetrafluo- 
roethylene resin is finding a variety 
of uses in the electrical industry. 
Insulation wrapping for thermo- 
couple lead wire, high quality hook- 
up wire, and coaxial cables, as well 
as dielectric for condensers, are only 
a few of its many new uses. 

Tape of “‘Teflon’’ is particularly 
outstanding in television and FM 
transmission lines where the ma- 
terial must have low power loss and 
be able to withstand the rather high 
temperatures built up within a 
transmission installation. (Manu- 
factured by Raybestos-Manhattan, 
Inc., Manheim, Pennsylvania.) 

“Teflon” offers a combination of 
Illustrated are typical standard coding colors 
in which tape of “Teflon” can be obtained. 
Available in all the standard N.E.M.A. colors 
including—black, brown, red, orange, yellow, 
green, blue, violet, grey and white—this colored 
“*Teflon”’ offers the same unique properties as 


does the white, plus the added advantage of 
polarity identification. 





Du Pont LUCITE® makes 

clear, durable strip lens 
Lens of ‘“Lucite’’ acrylic resin for 
Stromberg-Carlson communication sys- 
tem control panel magnifies call numbers 
with maximum optical clarity. Illumi- 
nated by a small dial lamp under the 
steel panel, these numbers are easily 
visible from a distance. *“*Lucite’’ resists 
cracking, crazing and chipping and is 
unaffected by age. (Lens extruded by 
Anchor Plastics Co., Long Island City, 
N. Y.) 





E. 1. DU PONT DE NEMOURS & CO. (inc.) POLYCHEMICALS DEPARTMENT 
ROOM 201, Du Pont Building, Wilmington 98, Delaware. 
inCanada: Du Pont Company of Canada, Ltd., P.O. Box 660, Montreal, Quebec 


Please send me more information on the Du Pont engineering materials checked: 
‘‘Lucite’’. | am interested in evaluating these materials for: 


‘“‘Alathon"’; Teflon"; 
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COMPANY 
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CITY 


TYPE OF BUSINESS 


**Zytel’’; 


POSITION 





properties previously not obtainable 
in a single material. It is nonflam- 
mable, has zero water absorption 
and withstands temperatures from 
—450°F to 500°F. It shows good arc 
resistance and leaves no carbon 
residue along a discharge path. 


Except for fluorine gas and chlo- 
rine trifluoride, both at high tem- 
peratures, and the elemental alkali 
metals, ‘‘Teflon’’ shows no reaction 
to chemicals. No known industrial 
acids or caustics will attack “‘Teflon’’. 


Are you familiar with this Du Pont 
engineering material? Perhaps your 
electrical applications could be im- 
proved with the use of ‘‘Teflon”’ in 
your manufacturing process. Send 
for complete property data today. 


Tape of ‘Teflon’ can be used as conductor 
insulation for armature or field, coil wrapper, 
slot liners, taping of coils, lead insulation and 
coil separators within slots. 





SEND FOR MORE 
INFORMATION 


Clip the coupon for addi- 
tional data on the proper- 
ties and applications of 
these Du Pont engineer- 
ing materials. 





This unusual d-c system test 
stand at Haves Aircraft 
simulates the KB-50 in flight. 
Full-length wire harnesses are 
identical to those used on pro- 
duction aireraft. The KB- 
50 system features eight 
J&H Generators and Control 
Panels and 16 J&H Current 
l'ransformers. 


Jack & Heintz Generators 
paralleled in unique d-c system! 


... engineers achieve 78% more power for KB-50 


In converting the Boeing B-50 Superfort into the KB-50 mid-air 
refueling tanker, a substantial power boost was needed to drive 
the array of rapid-transfer fuel pumps honeycombed throughout 
the plane. 


The approach lay in developing a new higher rated generator 


The KB-50 will have tremendous refueling capacity. Plans 


or in paralleling eight available 400-amp machines. 
call for fueling of three planes simultaneously. 


The Jack & Heintz G23 d-c Generator proved to be the answer. 
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Jack & Heintz G23 Generator 


Rating— amp 
Voltage—d-c 
Speed Range—thousand rpm 
Weight—Ib 
Dimensions— inches 
Over-all Length (from mounting flange) 
Over-all Diameter 
Bolt Circle Diameter 
Spline, Pitch Diam 
Air Inlet Conn., OD 
Cfm of Air at 6” H20 & 6000 rpm 
Rotation as Viewed from end Opposite Flange 
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Rugged enough to withstand the high vibration characteristics 
in the KB-50, this generator required only a specially machined 
housing and a modified mounting flange. 

Through the use of the G23, Hayes and Jack & Heintz engi- 
neers have achieved a power supply of 3200 amps in the same 
available space once yielding a maximum of 1800 amps. The 
unprecedented paralleling of eight generators has been test- 

proved completely reliable. 

Also available is a modified G23 
with an inereased rating of 450 
amps, which is ideally suited to air- 
line applications. 

For complete information, write 
Jack & Heintz, Inc., 17622 Broadway, 
Cleveland 1, Ohio. Export Dept.: 13 
E. 40th St... New York L6, N.Y. 


6 by Jack & Heintz, Inc. 
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Trade Literature 
(Continued from page 56A 


Refrigeration Duty Motors. A _ bulletin 
from The Peerless Electric Company de- 
scribes its line of refrigeration duty motors 
and gives a complete listing of voltage sup- 
ply, furnished by major power companies 
throughout the United States, which show 
maximum horsepower ratings allowed, 
starting currents, and special conditions 
noted by the utility companies themselves 
Ihe Peerless Refrigeration Duty Motor has 
only three parts which wear because of mo- 
tion or electrical contact; they are the 
bearings, the contact points on the station- 
ary part of the switch, and the centrifugal 
parts of the switch. Single phase motors 
are available from 1 to 3 hp; polyphase 
from 1 to 5 hp; they are Underwriters’ ap- 
proved. Write for Refrigeration Duty 
Motor Bulletin, The Peerless Electric Com- 
pany, West Market Street, Warren, Ohio. 


Coil Winding Machine Catalogue. Cata- 
logue No. 56 has 62 pages illustrating and 
fully describing 42 coil winding machines. 
Virtually all types of coils may be wound 
on the various models including deflection 
yokes, continuous resistance, bobbin, re- 
peater, transformer, solenoid, resistor, lat- 


Ht tH 


tice-wound universal, space wound, vari- 
able pitch, toroidal, armature, and field 
coils. In addition, 5 new tailstocks, 15 
tensions, 3 counters, Model 705 wire 
scraper, Model WS-7 wire insulating 
equipment, 6 wire guides, 3 wire guide as- 
semblies, a pi attachment, wax pot, wire 
take-off guide, carboloy eyelet, and a va- 
riety of gears and cams are pictured with 
full details given. A page of time saving 
winding formulas is also included, this 
catalogue may be had free upon request 
from George Stevens Manufacturing Com- 
pany, Inc Pulaski Road at Peterson, 
Chicago 30, IU. 


Ceramic Capacitor Catalogue. A compre- 
hensive 20-page catalogue covering all 
standard or popular ceramic capacitors 
manufactured by the Cornell-Dubilie: 
(C-D) Electric Corporation has just been 
released. The illustrated, 3-color cata- 
logue No. 6/6 consolidates in a clear pre- 
sentation the extensive variety of C-D ce- 
ramic capacitors available to meet any pre- 
cise applications. These include single and 
dual capacitance discs, tubulars, printed 
circuitry and automation discs, high-volt- 
age slug types, and special design types 
Catalogue No. 676 supersedes all previous 

— literature on C-D ceramic capacitors. 

ELE(¢ ‘TRONS, INCORPORA rsD i Copies of catalogue No. 676 may be ob- 

or aerate Mai tained by writing directly to Sales Promo- 

127 SUSSEX / . tion Department, Cornell-Dubilier Electric 

NEWARK 3, N. J- +, Corporation, South Plainfield, N. J., on 
bby ws Mm bell your company letterhead. 
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Fluorescent Ballast Bulletin. A 20-page 
publication on fluorescent ballasts is avail- 
able from the General Electric (GE) Com- 
pany, Schenectady, N. Y. The 3-color 
bulletin, GEA-6249, contains descriptive 
information on the sound rating system, 


(Continued on page SOA 
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GUIDED MISSILE DIVISION 


Firestone 


' 
Ot 8 RUBBER (Omran 


Positions of professional chal- 
lenge are open in the Guided 
Missile Division of the Firestone 
Tire and Rubber Company. 

A wide scope of engineering 
activity in the Guided Missile 
Division is devoted to the COR- 
PORAL, America’s first oper- 
ational ballistic missile. The 
CORPORAL system is another 
example of Firestone’s leader- 
ship in the design and manufac- 
ture of modern weapons systems. 

Challenging studies now 
underway at Firestone include 


SYSTEMS ANALYSIS 
AERODYNAMICS 

SERVO SYSTEMS 
PACKAGE DESIGN 
GUIDANCE SYSTEMS 
ENVIRONMENTAL TESTING 
COMPONENT DESIGN 
FLIGHT 
INSTRUMENTATION 
TEST INSTRUMENTATION 
PROGRAMMING 

FLIGHT SIMULATION 
AUTOMATION RESEARCH 
COMPUTERS 


Opportunities for professional 
advancement are unlimited at Fire- 
stone, where current projects demand 
engineers and scientists of highest 
coliber. 


CALL OR SEND RESUME TO 


— 


PERSONNEL DEPT. E-2 

GUIDED MISSILE DIVISION 
FIRESTONE TIRE & RUBBER CO. 
2525 FIRESTONE BLVD. 

LOS ANGELES 54, CALIF. 
LOgen 8-4411 
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EIMAC Vacuum Switches 


for high-voltage switching 


in severe environments. 


In explosive atmospheres and high altitude 
airborne conditions, Eimac vacuum switches 


operate reliably and safely. 


Used extensively in air and ground 

mobile applications, the small size and fast 
closing time of Eimac vacuum switches 
make them ideal for antenna changeover. 
They handle RF peak potentials up to 
20kv in this service, and 1.5 amps at 5kv 


in DC switching service. 


Eimac single pole double throw vacuum 
switches are available in four types, 


including one for pulse service. 


If you have a switching problem, 
write our Application Engineering 
Department for furtherinformation. 


EITEL-MCCULLOUGH, INC. 


S AN BR UN O Ga 21.7 Be 4 A 
The Worid’s Largest Manutacturer of Transmitting Tubes 
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CAREFUL INSPECTION of shells im- 
mediately after forming is only one 
of 77 control procedures and tests 
involved in the production of MICRO- 
GLAZE* Suspension Insulators — your 


assurance of dependable service. 


How good can an insulator be? 
CONSIDER THE EFFECT OF 


The dependability of insulators — whether 
suspension, apparatus, pin type or other is 
related directly to the accuracy with which 
each insulator shell is molded from extruded 
clay. 

Ultimate values of flashover, dielectric strength 
and mechanical strength depend on exact con- 
figuration. Even slight variation in any dimen- 
sion, might reduce the high degree of safety 
built into each unit. To be certain the dimen- 


sions of your insulators conform to engineering 
specifications, Locke not only inspects each 
formed shell visually, but also spot-checks in- 
ternal dimensions on a routine basis. Any vari- 
ation from standard shell contour is cause 
for rejection. 


The case of Shell Formation ‘‘Quality Control’’ 
is typical of the extremes to which Locke 
goes to assure trouble-free insulator service 
on your system. 


For a brief and complete picture story of insulator quality control, just call your Locke representative. 
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PERMANENT BONDING of caps and ball bolts to the finished suspension RESISTANCE TO PUNCTURE of the finished suspension insulator 


insulator shell is possible only with a good fit. Here the head sliced from a depends largely on the thickness of porcelain separating cap and ball 
typical shell is carefully checked for proper diameter (A—outline below). bolt. This head thickness (B) is subject to constant inspection. 


OVERALL STRENGTH is ossured by constant checking on wall thickness MAXIMUM FLASHOVER STRENGTH and full leakage distance are 


(C) across two diameters. By making sure that these measurements are maintained by rigid control of corrugation size (D). Frequent spot-checks 


equal, eccentric forming and possible structural weakness are avoided. assure proper forming. 


- SHELL DIMENSION 
Rela ¢: Te 


LOCKE DEPARTMENT 77 POINT 
GENERAL ELECTRIC COMPANY 


BALTIMORE, MARYLAND QUALITY CONTROL 











*Trademark of General Electric Company 
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FRAHM® FREQUENCY 
MONITOR 


... for opening or closing an elec- 
trical contact when the frequency of 
the power line to which the mon- 
itor is connected reaches a preset 
limit. The monitor can be furnished 
for low or for high limit operation. 


TYPICAL APPLICATIONS 


. +. In power transmission systems as a low frequency alarm with manual reset 
to call for load shedding or other corrective action to bring system frequency 
back to normal. 

... For generators as low and high frequency alarm and, under certain con- 
ditions, as simple “on-off” frequency controller which can keep frequency be- 
tween preset low and high limit. 

... For turbines and other machinery with parts rotating at high speed as 
overspeed alarm and limiter when used in conjunction with an electric tachom- 


eter generator. ; : 
Write for PRICES and BULLETIN 33-06-EE 





FRAHM’ RESONANT REED 
OSCILLATOR CONTROLS 


These electro-mechanical components are used 
in electronic oscillator circuits to stabilize the 
oscillation frequency within close limits. 
Oscillator controls can be made for any 
quency within the range of 50 to 1100 eps, 


TYPICAL APPLICATIONS 
Electrical and Acoustical Measurements; Com- 
munication; Remote Operation and Supervisory 





Control; Electrical Computing; 


FEATURES 
High accuracy and stability of oscillating fre- 
quency ¢ Self starting operation ¢ Full inter- 


Telemetering. 


changeability of oscillator controls with different 
nominal frequency in the preferred circuits ¢ 
Infinite operating life of the reeds ¢ Integral unit 
sealed, magnetically shielded and of very rugged 
construction ¢ Light weight and small ¢ Can be 
furnished to meet certain military specifications 
for electronic circuit components. 
Write for PRICES and BULLETIN 34-EE 
FRAHM® RESONANT REED FREQUENCY SENSITIVE RELAYS for use as frequency 


selective elements in the receiving systems are described in BULLETIN 33-EE. 


JAMES G. BIDDLE CO. | 


e ELECTRICAL TESTING INSTRUMENTS 1316 ARCH STREET 


SPEED MEASURING INSTRUM 
z Vmsm t* PHILADELPHIA 7, PA. 


* LABORATORY & SCIENTIFIC EQUIPMENT 
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YOUR 


FUTURE in 


ATOMIC POWER 


Atomic power, we feel, offers out- 
standing opportunity for an en- 
gineer or scientist to grow pro- 
fessionally. It’s new enough so 
that the work is challenging; still 
it’s well enough established so 
that a capable man can make 
real progress. 

If you are interested in a non- 
routine position that will use all 
of your education and experience, 
we suggest you investigate the 
future with the leader in Atomic 
Power. At Bettis Plant, there 
are select positions open for 
specially qualified: 


© PHYSICISTS 

© MATHEMATICIANS 
© METALLURGISTS 

© ENGINEERS 


Write for the booklet ‘To- 
morrow’s Opportunity TODAY” 
that describes opportunities in 
your field. Be sure to indicate 
your specific interests. 





Write: Mr. A. M. Johnston 
Dept. A-60 
Westinghouse Bettis Plant 
P. 0. Box 1468 
Pittsburgh 30, Penna. 


BETTIS PLANT 











Westinghouse 


FIRST IN ATOMIC POWER 
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Will your income 
and location allow 
you to live ina 
home like this... 
spend your leisure 


time like this 2 _— Be wee 
ae 


A Douglas engineer lives here 


They can...if you start your career 


now at Douglas! 


Take that ten year ahead look. There’s a fine career 
opportunity in the engineering field you like best waiting 


for you at Douglas. 


And what about the Douglas Aircraft Company ? It’s the 
biggest, most successful, most stable unit in one of the fastest 
growing industries in the world. It has giant military 

contracts involving some of the most exciting projects ever 
conceived ... yet its commercial business is greater than that of 
any other aviation company. 

The Douglas Company’s size and variety mean that you'll be in 
the work you like best — side by side with the men who have 
engineered the finest aircraft and missiles on the American scene 
today. And you'll have every prospect that ten years from 

now you'll be where you want to be career-wise, money-wise 


and location-wise. 


For further information about opportunities with Douglas in 
Santa Monica, El Segundo and Long Beach, California divisions 


and Tulsa, Oklahoma, write today to: 
First in Aviation DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. LaVene, 3000 Ocean Park Blvd., Santa Monica, California 
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build your future with 


NEW ELECTRONIC 
ACHIEVEMENTS 


Here at AUTONETICS nearly 100 advanced electronic 


tional professional standing in a congenial atmos- 
and electro-mechanical projects are in progress— 


phere. You'll have access to the very latest digital 
and analog data processing equipment. You'll have 
the opportunity to contribute to the advances in 
electronics and electro-mechanics and at the same 
time further your own career. What’s more, you'll 


projects whose long-range implications are moving 
forward the frontiers of technical knowledge. 

Most of the work is well in advance of reports in 
technical publications, or even confidential texts. The 


one way to keep abreast of this unique and highly 
rewarding research is to be in it. 
At AUTONETICS you'll work with men of excep- 


like living in Southern California. 
Write now for complete information. Your in- 
quiry will be handled promptly and confidentially. 


UNIQUE OPPORTUNITIES FOR: 


Computer Specialists Electro-Mechanical Designers Environmental Test Engineers Electronic Component Evaluators 


Flight Control Systems Engineers 
Computer Application Engineers 
Inertial Instrument Development Engineers 


Instrumentation Engineers Fire Control Systems Engineers 


Electronics Research Specialists Computer Programmers Automatic Controls Engineers 


Electronic Engineering Writers Preliminary Analysis and Design Engineers 


Also Openings for Draftsmen and Technicians 
CONTACT: Mr. R. C. Smith, 

Autonetics Engineering Personnel Office, Dept. 991-20EE 
12214 Lakewood Blvd., Downey, Calif 


A DIVISION OF NORTH AMERICA 


TION 


N, 


Autonetics 
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Cavacitos 


&Y LIME MATERIAL CO 
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L-M's new 50 kvar, 2400 volt capacitors, ready for 
shipment. L-M now offers a line of more com- 
pact factory-assembled pole-mounted racks in 
all voltage ratings from 2400 to 7960/13,860 volts, 


multi-grounded Y. 


STS 


You, too, can enoy he benefits 0 
M's New 50 Kvar Capacitors NOW 


Shipments have started on Line Material’s 
new 50 kvar Elemex Capacitor. The unit 
is an outstanding achievement in capaci- 
tor engineering and production. It has 
the same width, same thickness as a 25 
kvar capacitor. Only ten inches of addi- 
tional height give you twice the capacity. 


Per kvar, L-M’s new 50 kvar capacitor 
is lighter, requires less pole space, and 
takes less installation time. Thus, in- 
stalled cost per kvar is lower. It meets 
applicable NEMA standards for 25 kvar 
capacitors, 


Ask the L-M Field Engineer for in- 
formation on features, design and de- 
livery of the new 50 kvar capacitor and 
capacitor equipments. Or write Line 
Material Co., Milwaukee 1, Wis. (a 
McGraw Electric Company Division). 


LINE MATERIAL 


AY 





Electrical engineers 


ENGINEERS FOR IMMEDIATE PLACEMENT © Mechanical encineers 


Electronic engineers 





Computer engineers 


Solid-state physicists 
ENGINEERING AT NCR MEANS: 


IMMEDIATE, PERMANENT POSITIONS in Mechanical Engineering, Electrical Engineering and Physics 
Research Division. 

ENGINEERING PROJECT WORK in Adding Machines, Cash Registers, Accounting Machines, Computers and 
related Data Processing Equipment in Dayton, Los Angeles and Ithaca, New York. 


OPPORTUNITIES IN DESIGN, development, production-engineering and packaging of mechanical, electronic 
and electro-mechanical devices. 

SOME EXPERIENCE IN DEVELOPMENT, design and application of high-speed, light-weight mechanisms of 
the intermittent-motion type—or experience in digital devices and components is desirable, but not essential. 
AMPLE TRAINING and orientation is available to all employees. 


ENGINEERS 


AS AN NCR ENGINEER, YOU WITH YOUR FAMILY, WILL ENJOY: 


UNLIMITED OPPORTUNITY in the broad, ever-expanding field of Business Machine Engineering and Research. 
AN EXCELLENT SALARY, plus exceptional benefits of lifetime value for you and your family. 


A RECREATIONAL PROGRAM for year-round enjoyment for the entire family, including a new NCR Country 
Club with 36 holes of golf, and a 166-acre employees’ park for outings with swimming, boating and supervised 
play for children. 


LIVING IN DAYTON— an attractive, progressive city with outstanding school facilities. 


YOUR WORK AT NCR with its friendly, family atmosphere, where you work with people who, like yourself, 
have decided to build their professional future with NCR. 


Send resume of 


ACT AT ONCE your oe experience 
and geographic preference to: 


Employment Department, 


Professional Personnel Section 2 


THE NATIONAL CASH REGISTER COMPANY ¢ DAYTON 9 « OHIO 
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Boeing “E.E.’s” help meet two pressing jet-age problems 


Boeing electrical engineers play an im 
portant part in designing such advanced 
devices as the prototype sound suppressor 

top) and thrust reverser (bottom 

shown installed on the Boeing 707. On 
production 707 jet airliners, however, the 
two will be combined into a single unit 
capable of performing the duties of both 
the suppressor and reverser. Test results 
have been so satisfactory that Boeing has 
contracted to deliver 707s to airlines, be 
ginning in late 1958, equipped with 
sound suppressor-thrust reversers. 

Electrical engineers are developing the 
I hey work 


very closely with other engineers at 


controls for these devices. 


Boeing in design and research for the 707 
the KC-135 tanker-transport, the B-52 jet 
bomber, the BOMARC IM-99 weapons 
system, and aircraft of the future. Their 
work is challenging, creative and increas 
ingly important in electronic develop 
ment, electrical systems, guidance sys 
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tems, miniaturization, instrumentation, 
acoustics, nuclear power, antenna devel 
opment, and in many other activities. 
Boeing now employs more than twice 
as many engineers as at the peak of 
World War II. But, because of steady ex 
pansion, more topnotch technical men 
are needed. They will work with superb 
facilities, including the multi-million-dol 
lar new Boeing Flight Test Center, the 
data equip 
wind tunnel, which 


latest electronic reduction 
ment, and a new 
will be in operation shortly, capable of 
velocities up to Mach 4 

Boeing engineers work in closely knit 
project teams. There are regular merit 
reviews, individual recognition and 
ample scope for creative expression. En 
gineering aides and draftsmen handle 
routine jobs, freeing engineers for the 
numerous stimulating assignments. 

Life is pleasant for Boeing engineers 
and their families in the progressive, com 


fortable-size communities of Wichita and 
Seattle. How would you like to do inter 
esting and vital work with one of the 
world’s leaders in aviation? Inquire now 
about an opening on one of Boeing’s re- 
search, design or production teams. 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Co., Dept. E-52, Seattle 14, Wash. 
R. J. B. HOFFMAN, Administrative Engineer 
Boeing Airplane Co., Dept. E-52; Wichita, Kansas 
If you want further information on the advan- 
tages of a career with Boeing, please send cou- 
pon to either of the above addresses. 


Name 


College(s) Degree(s) Year(s) 
Address 
City 


Telephone number 


SS OEMN iF. 


Aviation leadership since 1916 
SEATTLE, WASHINGTON WICHITA, KANSAS 
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ENGINEERS, 


Electronic & Mechanical 
PHYSICISTS: 
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Ace ol 
Top Grade Openings 


Positions also aveilable at our laboratories in: Cambridge, Mass., 99 First St., Watertown, Mass., 11 Galen St. 


80A 


At Mielpar Leader in 


Electronic Research & Development 


Due to our continuing expansion program, a number of top grade open- 
ings exist in our new laboratories suburban to Washington, D.C. We 
urge you to consider the following: 


1. At Melpar the engineer is not tied to a pre-arranged schedule of ad- 
vancement. Instead, promotion and advancement are based on individual 
recognition, where skill and ability are the paramount factors of determina- 


tion 


2. Melpar has doubled in size every 18 months for the past 10 years. New 
openings occur constantly. This enables the engineer to advance to posi- 
tions of increased responsibility as soon as he is ready. 


3. Our unique “project team’’ basis of organization gives the engineer an 
opportunity to participate in entire problems from conception to comple- 
tion of prototype, and thus experience the ‘‘over-all’’ approach to engi- 
neering problems necessary to eventual directorship responsibility. 


4. Our new air-conditioned laboratories encompass over 285,000 square 
feet and offer complete facilities for creative research and design. In ad- 
dition to our central Model Shop, supplementary facilities, personnel and 
test equipment are available for immediate use within each project group. 


5. The Northern Virginia Area, suburban to Washington, D.C., in which 
Melpar is located, offers excellent living conditions, enjoys the Nation’s 
highest per capita income, fine homes and schools. Recreational, cultural 
and educational facilities abound. Fully-accredited graduate courses are 
offered at the Melpar laboratories and at 5 universities in the Area. 


Top Grade Openings Exist in These Fields: 


Network Theory © Systems Evaluation ¢ Microwave Technique @¢ UHF, VHF, or SHF 
Receivers © Analog Computers © Magnetic Tape Handling © Digital Computers ¢ 
Redar and Count © Packagi of Electronic Equip t © Pulse Circuitry ¢ 
Microwave Filters © Flight Simulet © Ser hani © Subminiaturization « 
Electro-Mechanical Design © Small Mechanisms © Quality Control and Test Engineering 








Write for complete information. Qualified engineers and physicists 
will be invited to visit Melpar at Cempany expense. 


Wrile: 


3088 Arlington Boulevard, Falls Church, Virginia 
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Trade Literature 
(Continued from page 70A) 


quality control, life expectancy, design fea- 
tures, development facilities, and customer 
services. 


Lighting Specifications Book. Publica- 
tion of the new 1956 edition of the RLM 
Standard Specifications for industrial light- 
ing units has just been announced by the 
RLM Standards Institute, 326 W. Madison 
St., Chicago 6, Ill. This edition contains 
revisions in specifications on both incan- 
descent and fluorescent industrial lighting 
units, as well as new lighting data of special 
value to specifiers. According to the an- 
nouncement, copies of the new book are 
available without cost or obligation to 
architects, electrical contractors, lighting 
specialists, utility lighting men, purchasing 
agents, industrial executives, and others 
concerned with the buying, selling, or 
specifying of industrial lighting units. 


Protective Relay Maintenance. A gen- 
eral discussion of protective relay main- 
tenance and testing with particular at- 
tention to the equipment and records that 
are necessary for assuring safely operative 
relays and breakers has been published by 
the Multi-Amp Corporation. The folder 
describes the general types of test equip- 
ment commercially available, auxiliary 
instruments required for trip-time calibra- 
tion, standard means for conducting these 
tests, and normal routine to follow. <A 
comparison table lists the characteristic 
advantages of the various techniques in 
current application with respect to safety, 
ease of handling, accuracy, and versatility. 
Tables and hook-up schematics show how 
one typical high-current test instrument is 
used for achieving test results under con- 
ditions that closely simulate actual over- 
load values. Copies of “The Why and 
How of Protective Relay Maintenance’ 
are available without obligation from 
Multi-Amp Corporation, 10 Third Street, 
Newark, N. J. Ask for Data Sheet No 
156UB. 


Proper Electrical Tape Booklet. A 12- 
page booklet to help choose the type of 
electrical tape best for every insulating 
and protecting application in electrical 
construction, maintenance, and manufac- 
turing is offered. The folder, ““Tool Up 
with Tape-Big Four Electrical Tapes,” 
is published by the Dutch Brand Division 
of Johns-Manville Sales Corporation. It 
is complete with illustrations, technical 
data, characteristics, and performance 
specifications for plastic, friction, rubber, 
and vinyl color electrical tapes. For free 
copy write to Johns-Manville Dutch Brand 
Division, 7800 South Woodlawn Avenue, 
Chicago 19, Ill. 


Control and Transfer Switch Booklet. 
An informative 26-page booklet on con- 
trol and transfer switches has been made 
available by the General Electric (GE) 
Company. The booklet is profusely illus- 
trated with diagrams and charts. In the 


(Continued on page 85A) 
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Procter & Gamble 
needs 


ELECTRICAL 
ENGINEERS 


(Graduated within last 10 years) 


@ Permanent positions in Electri- 
cal Engineering Design and De- 
velopment, involving Power 
Generation and Distribution, 
Control Systems, Automation 
and other Engineering Fields. 


e Salaries commensurate with 
education and industrial experi- 
ence. 


e Opportunities to grow with a 
leading chemical processing 
company—rated as one of the 
nation’s three best-managed 
companies by the American In- 
stitute of Management. 


For application form and further 
information write 


Mr. J. E. Gale 

Head of Employment 
Engineering Division 

The Procter & Gamble Company 
Cincinnati 17, Ohio 








CAPE CANAVERAL 


oO. LAUNCHING AREA 


ieee <. AIR FORGE MISSILE TEST CENTER 


paca Florida Flight Test Range 
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American Standard 
for 
POOL CATHODE 
MERCURY-ARC POWER 
CONVERTERS 


Sponsored and published by 
AIEE, this standard (C34.1- 
1949), applies to all types of 
mercury-arc power convert- 
ers, employing rectifying de- 
vices with mercury pool 
cathodes and used for power 
conversion purposes, includ- 
ing mercury-arc power recti- 
fiers and inverters, electronic 
frequency changers and con- 
verters used with electronic 
motors when these equip- 
ments employ mercury-arc 
rectifying devices with pool 
cathodes. Price: $1.20; 50 
per cent discount to mem- 


bers. Address: 


AIEE ORDER DEPARTMENT 
33 West 39th Street 
New York 18, N. Y. 
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Engineers and Scientists: 
INSTRUMENTATION SYSTEMS ENGINEERING 
for MILITARY APPLICATIONS 





“re : SALARIES UP TO $14,000. 


IN THESE NEW PROGRAMS AT THE MISSILE TEST PROJECT, FLORIDA 


Have you as an engineer or scientist considered the 
problems and projects associated with the instrumentation 
and control of a long range missile, guided over a course 
that extends thousands of miles? 


To achieve precision performance, missile launching 
and guidance require a vast network of instrumentation 
and control. New development programs have created 
challenging opportunities for Electronics Engineers 

and Scientists who are interested in data acquisition, 
transmission, recording and processing systems. 


A world leader in electrenics provides instrumentation 
for the Air Force Long Range Testing Laboratory, which 
extends from Patrick Air Force Base, on the Central 
East Coast of Florida, to the Mid South Atlantic. 


You will enjoy top salaries, liberal company-paid benefits, 
and ideal Florida living for you and your family. 
Relocation assistance, too. 


») TODAY ... get complete information on 
arrangements for personal interview. 
Send a complete resume of your 
education and experience to: 


PERSONNEL MANAGER 

MISSILE TEST PROJECT—Dept. N-9F 
P. O. Box 1226 

Melbourne, Florida 


MISSILE TEST PROJECT 
Meibourne, Florida 
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Professional Engineering Directory 


Professional Engineering Directory Card 1” x 2” 12 times $120.00 





BLACK & VEATCH 
Consulting Engineers 
Electricity —W ater—Sewage—Industry 


Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


INTERNATIONAL 
ENGINEERING COMPANY, INC. 


Engineers 
Investigations—Reports—Design 
Procurement—Field Engineering 

—Domestic and Foreign 
74 New Montgomery St., 
San Francisco 5, Calif. 


MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 








DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 
Industria] Plants—Grade Separations 


Railroads—-Subways—-Expressways 
Tunnels—Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, Il. 
79 McAllister St., SAN FRANCISCO 2, Calif. 


JACKSON & MORELAND, INC. 


Engineers and Consultants 


Reports—Examinations—Appraisals 


Machine Design—Technical Publications 
BOSTON NEW YORK 


Consult 
Z. H. POLACHEK 


Registered Patent Attorney 
1234 BROADWAY 
(At 31st St.) 
New York 1, N. Y. 
PHONE 
LO. 5-3088 








Electrical Testing 
Laboratories, Inc. 


Electrical, mechanical, photometric, radio- 
metric and chemical laboratories, rendering 
testing, research and associated services, 
including certification, inspections at factories 

and field investigations 


2 East End Avenue at 79th St., New York 21 





THE KULJIAN CORPORATION 


Engineers @ Constructors e Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 


Utility e¢ Industrial e Chemical 
1200 NO. BROAD ST., PHILADELPHIA 21, PA 


FRANCIS W. RINGER 
ASSOCIATES 


Consulting Corrosion Engineer 


7 Hampden Ave. MOhawk 4-2863 
Narberth (Suburban Phila.) Pa 








TRANSISTOR ENGINEERING 


S. Moskowitz D.D. Grieg N. J. Gottfried 
Product Transistorization, Complete Service in 
consulting, research, development and pro- 
duction on transistor circuitry, products and 
instruments 


Electronic Research Associates, Inc. 


67 East Center Street, Nutley, N. J 
NUtley 2-5410 











PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical © Mechanical 
Structural ® Civil 
eu suco® Thermodynamic ® Architectural 


FIRST NATIONAL BANK BUILDING 
Pittsburgh 22, Pennsylvania 





SANDERSON & PORTER 
ENGINEERS 
DESIGN 
CONSTRUCTION 


New York New York 











FREDERICK RESEARCH CORP. 
BETHESDA 14, MARYLAND 

Tel: Washington, D. C., OLiver 4-5897 
Research Studies, Evaluations, Specifications, 
Development, Engineering, Prototype Manu- 
facture, Technical Writing, Drafting Art Work 
Offset Printing—-In fields related to Elec- 
tronics Test Equipment, Radio Interference, 
VHF-UHF Tuners and Circuits, Missiles, 
Electromechanical Systems and Components 





N. A. LOUGEE & COMPANY 


Engineers and Consultants 
REPORTS—-APPRAISALS—-DEPRECIATION 
STUDIES—RATE CASES—BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 








SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 








HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 
Design, Development and Manufacture 
of Transformers, Chokes, Etc 


for the 
Electronics, Industrial and Allied Fields 


90 Magnolia St., Westbury, L.I., N.Y. 
WE.-7-2933 








MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial A. Honnell 
John M. van Beuren 
Specialists in the Design and 
Development of Electronic Test Instrument 


Boonton, N. J. 








The J. G. WHITE 
Engineering Corporation 
Design—Construction—Reports— 
Appraisals 


80 Broad Street NEW YORK 
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Notable 
Achievements 


at SAL 


FIRST TO FLY FM-FM TELEMETERING...From JPL’s 3-band FM- 

FM telemetering System flown in 1944, to its present extremely versatile, 

compact, transistorized 18-band system, telemetering has been an impor- 

tant factor in the successful development of JPL guided missiles. 
Significant firsts in this field are: 

In 1948, a 10-band FM-FM System with 15 measurements. 

In 1953, an 18-band FM-FM System with 36 measurements. 

In 1954, a 14-band FM-FM System with all audio circuits transistorized. 


Pioneers in Telemetering Development 


JPL JOB OPPORTUNITIES ARE 
WAITING FOR YOU TODAY! 


in these fields 
ELECTRONICS 
ELECTRONIC RESEARCH 
SYSTEMS ANALYSIS 
ELECTRO-MECHANICAL 
INSTRUMENTATION 
INERTIAL GUIDANCE 
TELEMETERING 
PHYSICS 
PACKAGING 
MECHANICAL ENGINEERING 
AERONAUTICAL ENGINEERING 


CALTECH 
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The success of the Corporal and other JPL guided missile programs is 
dependent on constantly improved instrumentation techniques. Development, 
a major portion of the Telemetering Group activity, is directed toward improv- 
ing system flexibility, accuracy and reliability. This activity is tailored to both 
immediate and long range instrumentation requirements of the many Labora- 
tory missile programs. 

The use of transistors and modern magnetic elements, together with pro- 
gressive packaging techniques developed from intensive JPL studies, result in 
greatly improved reliability in missile-borne and ground-recording equipment. 
In addition, advanced communication studies are being utilized in the design 
of advanced telemetering equipment to the constant improvement of this art. 
An example of applied theory, is the use of tracking filter techniques in the 
communication link—resulting in a significant improvement in telemetering 
data accuracy. 

The size and character of the “Lab” fosters a personal contact and close 
relationship between data-user and telemetering engineer. This close tele- 
metering support is a basic reason for the development of better ways of meas- 
uring drag for the aerodynamicist, motor pressures for the propulsion expert, 
stresses for the missile designer and of monitoring complex electronic circuits 
which are the responsibility of the guidance specialist. This close cooperation 
has become a prime factor in the growth of the laboratory into one of the most 
successful guided missile development centers in the world. 

You are invited to join this progressive group of scientists and engineers. 
Write us today. 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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‘ELECTRICAL ENGINEERING 


goes direct to engineers and executives. 


® Engineers who initiate planning © Engineers who design and construct 
® Engineers who serve as consultants and specialists 

® Engineers who decide what to buy and where to buy it 

@ Key executives who are responsible for installations and operation 


ELECTRICAL ENGINEERING 
FIRST IN THE FIELD 


1st IN CIRCULATION 


To Electrical Engineers and Key Executives, a circulation of more 
than 60,000. 


Ist IN COVERAGE 


Electrical Engineering reaches every branch of industry. 


Ist IN EDITORIAL CONTENT 


Authoritative and complete details of important discoveries, de- 
velopments, and the latest in engineering practice. 


1st IN READER INTEREST 


Electrical Engineering is directed to and holds the close attention 
of progressive electrical engineers throughout industry. 


Ist IN ECONOMY 


Electrical Engineering, saves you advertising dollars by direct 
presentation to the men who specify what to buy and where te 
buy it. 


Write or wire today for 
complete information. 








Electrical Engineering 


American Institute of Electrical Engineers, Advertising Department 
Suite 13, Lower Level 


500 FIFTH AVENUE NEW YORK 36, N. Y. 
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Trade Literature 
(Continued from page SOA) 


back of the booklet are order forms for the 
customer’s convenience. Free copies are 
available from the nearest GE Apparatus 


Sales Office. 


Industrial Noise Bulletins. Two illus- 
trated bulletins dealing with current in- 
dustrial noise problems have been issued. 
They are Bulletin No. A-737 which tells 
how accurate audiograms can be obtained 
in employee hearing tests in plants and 
other places of business by providing a 
favorable environment for audiometric 
testing through use of a special room, 
reports the development of a steel room de- 
signed and constructed to shield occupants 
from masking effects of external noise 
which is demountable and sized to house 
patient, technician, or observer; and 
Bulletin A-740 which relates how latest 
research developments incorporated in the 
company’s doorless telephone booth ex- 
cludes outside noise interfering with con- 
versations, as well as furnishing privacy 
and comfort, in extremely noisy locations 
in plants, shipyards, mills, utilities, ter- 
minals, schools, public buildings, stores, 
hospitals, and clinics where errors in re- 
ceiving phone calls can be most serious and 
costly. The bulletins can be obtained by 
writing Burgess-Manning Company, Archi- 
tectural Products Division, 5970 Northwest 
Highway, Chicago, IIl. 


Network Transformer Bulletin. Operat- 
ing features of Allis-Chalmers oil and 
Chlorextol liquid-filled and sealed dry-type 
transformers are discussed in a 24-page 
bulletin, released by the company, which 
describes the electrical assembly of the 
units, tap changer and tank design, and 
the transformers’ compact construction, 
mechanism, and conveniently located ac- 
cessories. Procedure used in _ shipping 
the transformers is also covered. Copies 
of ‘‘Allis-Chalmers Network ‘Transform- 
ers,’ bulletin 6/B6752B, are available on 
request from Allis-Chalmers Manufactur- 
ing Company, 931 S. 70th Street, Milwau- 
kee, Wis. 


Metal Fabrication Booklet. A 34-page 
booklet has been issued by The Risdon 
Manufacturing Company Featured are 
main products, small metal components, 
and assemblies of parts. Shown in well- 
illustrated pictures are many _ typical 
items as well as the machines that make 
them. Also described are many case his- 
tories in which engineering ingenuity has 
been able to redesign components pre- 
viously made in two or three parts by re- 
duction to a complete unit. This booklet 
will be of particular interest to design 
engineers. Other products, such as lip- 
stick cases, acrosol valves, special wire 
forms, and pointed wires as well as safety 
pins, are briefly touched upon. The book- 
let is available without charge upon re- 
quest to Risdon Manufacturing Company, 
10 Risdon Street, Naugatuck, Conn. 
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essure transducers 


\/ 


—a complete line 
designed for 
high range— 

with stainless steel 
or beryllium copper 
construction. 


actual size 


Bourns—designer and manufacturer of its own Bourdon tubes—now brings this 
proved component to absolute and differential pressure potentiometers. Three instru- 
ment models are provided for an extensive range of applications. 


Model 704 

Differential Pressure Potentiometer — for corrosive fluids 
This unit has a stainless steel Bourdon tube and fittings, 

to withstand fuming nitric acid and other corrosive fluids. 

All mechanical joints are Heli-arc welded. The instrument will 
measure differential pressure between two high pressure sources. 


Model 705 

Absolute Pressure Potentiometer 

This absolute pressure potentiometer measures pressures 
in ranges of 0-100 to 0-1000 psia—extending the range 
of Bourns Aneroid Capsule instruments. 


Model 706 

Differential Pressure Potentiometer — for non-corrosive fluids 
The Bourdon tube in this high range instrument is made 

of berryllium copper for use with non-corrosive fluids. 

With the low pressure port vented to the atmosphere, 

this unit cam be used as a gage pressure instrument. 


All models have a durable stainless steel case... compact 
configuration... excellent linearity, resolution and hysteresis. 

The rugged linkage system and Bourdon tube assembly 

provide excellent shock, vibration and acceleration characteristics. 
All models are now in quantity production. 

Write for new literature. 


Pourns LABORATORIES 


General Offices: 6135 Magnolia Avenue Riverside, California 
Plants: Riverside, California— Ames, lowa 
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Semiconductor engineers find 


new opportunities 


at Delco Radio! 





Delco Radio, first organization to develop and use Hi-Power 
transistors for automotive application, now offers permanent employment 
opportunities to men of highest caliber. 


Some of these opportunities are for men experienced in solving problems 
of semiconductor processing, development, or application. Other 
positions are for persons experienced in semiconductor or related research. 


These are challenging jobs where professional knowledge will be utilized 
to the highest degree. Qualified persons will be rewarded with personal 
satisfaction, recognition and stimulating companionship with other 
eminent scientists, and will also receive liberal compensation 

and benefits as important members of the General Motors organization, 
If you are capable of assuming the responsibility of leadership 

and are experienced in transistor, diode, photo cell or other 
semiconductor projects, write to Personnel Director, Department C. 

Your inquiry will be held in confidence. 


WORK WITH THE MEN WHO FIRST MADE HI-POWER 
TRANSISTORS AVAILABLE IN AUTO RADIOS! 
Relocation expenses are paid to pleasant 
Indiana community where you'll make con- 
genial associations with men of recognized 

standing in the field of semiconductors. 


Leto Ltt 


DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA 
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Engineering 
Societies 


Personnel 
Service, Inc. 


New York 
8 West 40th St. 


Detroit 
100 Farnsworth Ave. 


Chicago 
84 East Randolph St. 


San Francisco 
57 Post St. 


In applying for positions advertised by the Serv- 
ice, the applicant agrees, if actually p 4 in a 
position Ley Ol = —— asa result of these 


t fee in 
with the rates as ised by the Service. These rates 
have been established in order to maintain an 
efficient, non-profit personnel service and are avail- 
able upon request. This also applies to registrants 
whose notices are placed in these columns. 
Apply by letter addressed to the key number 
and mail = — York Office. When making 
ition include six cents in stamps 
for forwarding soglediion to the employer and for 
y A weekly a of 
open is bi 
of the co-operating societies at a aniston rate of 
=. -50 per quarter or $12 per annum, payable in 
advance. 











67, 














Positions Available 


EXECUTIVE VICE PRESIDENT, Electronics, grad- 
uate electrical, to 45, with progressive experience in re- 
search, development, manufacturing, production man- 
agement, administrative responsibility oa costs and cost 
controls, purchasing, etc., plus a familiarity with current 
defense projects. Salary, $25,000 a year. Location, 
East. W-3051. 


DIVISION MANAGE “S OF DE VELOPMENT = 
B 


PRODUCTION TECHNICAL SERVICE 

in electrical, mech anic al, chemical engineering or 
physics, with five years’ or more experience connected 
with electronics components. Will administer the de- 
velopment and production technical service, and be 
responsible for planning, organizing and directing the 
development program. Salary, $11,000 a year. Loca- 
tion, Penna W-3085 


ASSISTANT SECRETARY, 30-38, electrical or me- 
chanical graduate, with office engineering experience in 
electrical equipment and accessories fields. Some 
traveling. Salary, $8000 a year. Location, New York, 
N. Y. W-3100. 


ELECTRICAL ENGINEER, 30-39, B.S., with five 
years’ engineering and maintenance experience in 
heavy industry; familiar with the electrical code, trouble 
shooting, AC and DC motors and controls and plant 
distribution. Will supervise design specification writing 
electrical construction and electrical maintenance and 
will be responsible for power distribution system for 
entire plant. Salary open. Location, Maryland 


W-3136(a). 


ENGINEERING SUPERVISOR, electrical or me- 
chanical graduate, with at least five years’ supervisory 
experience covering design and installation of heating 
plants, lighting and power installations and service 
utilities. Salary, $10,000 a year. Location, New- 
foundland. W-3176, 


rFRANSMISSION AND DISTRIBUTION’ EN- 
GINEER, graduate electrical, about 30, with five to six 
years’ experience in electric al distribution and in the 
construction of transmission and distribution lines. 
Location, Venezuela. F-3195. 


CHIEF ELECTRICAL ENGINEER, graduate, with 
about 15 years’ experience. Will have headquarters 
control over electrical engineering function of all plant 
and new construction. Will report to vice president in 
charge of engineering. Salary open. Location, New 
York, N. Y. W-3207 


ELECTRONIC ENGINEER, 25-40, degree in electrical 
engineering or electronics, to conduct qualification test- 
ing and evaluation for electronic components and 
supervise junior engineers and technicians. Analyze 
test programs and instrumentation, design test methods, 
evaluate completed data and prepare final reports 
Salary, $6000-$8500 a year. Location, New Jersey 
W-3217. 


(Continued on page 92A) 
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GUIDED MISSILES 


offer unusual 
job opportunities 


The development, engineering and manufac- 
ture of guided missiles offer many interesting 
and challenging problems to technically trained 
people. Missile engineering is a new, dynamic 
business with long-term potentials and oppor- 
tunities for those who get in on the ground 
floor. 

This business of the future, while engaged 
in developing one of our nation’s most im- 
portant weapons systems, has many long-range 
commercial applications. 

We, at Bendix Products Division—Missiles, 
are fortunate that, as prime contractor, we 
have the complete responsibility for one of 
the most important and successful missiles in 
the country. 

A thirty-six-page book, “Your Future in 
Guided Missiles”, describing in detail the 
many phases of our guided missile operation 
and the job opportunities available to you, 
will be sent to you on request. Write for your 
copy today. BENDIX PRODUCTS DIVISION—MIS- 


ELECTRONIC GUIDANCE 
MISSILE SYSTEMS TESTING 
STEERING INTELLIGENCE 
QUALITY CONTROL 
SYSTEMS ANALYSIS 

TEST EQUIPMENT DESIGN 
PROPULSION & HYDRAULICS 
RELIABILITY 

MECHANICAL DESIGN 
COMPONENT EVALUATION 


sites, 407E, Bendix Drive, South Bend, Ind. 
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Now! FEDERAL PACIFIC 
PLUG-IN BUS DUCT 
GETS A “TOUGH’, 

NEW HEART 





Pt 


FEDERAL PACIFIC 
ELECTRIC 


aie nc Ss 


Withstands—without damage—short circuit stresses _ 
of 50,000 rms amperes fault currents! 





With this new, rugged insulator Fed- 
eral Pacific adds a line of 50,000 WC* 
plug-in bus duct that can be directly 
connected to circuits capable of deliv- 
ering 50,000 RMS amperes. 

This new development — tested at an 
independent laboratory — eliminates 
the danger of damage to insulators, 
bus bars, and enclosures which is pos- 
sible in modern high capacity instal- 
lations. Retained, however, are all the 
safety advantages inherent in Federal 


Pacific’s patented feature of “plug- 
ging-in” through the insulators. 


To further prove the ruggedness of 
the new insulator, supplementary 
ARCING FAULT tests were conducted at 
50,000 RMS amperes. Despite the 
severe arcing and heat shock incurred 
in this test, thorough examination 
showed the duct to be undamaged and 
subsequently it successfully passed a 
2500-volt dielectric test. 
*Withstanding capacity 





Ve2-N 324 V/IN VY 


record of 3-phase 
FAULT CURRENT 


Vo3-N 244 V/IN 
Ie3 105,000 avin / . ) . ; . Ey 3 50,000 AMPERES OSCillographic 


Ie2 96,000 A/IN 


© 446,000 AMPERES 





Vol-N_ 344 V/IN 
Ze! 116,000 A/iN 


WITHSTANDING test 
on Federal Pacific's 


,000 AMPERES. new 50,000 WC* 
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Plug-in Bus Duct. 


AVERAGE CURRENT THROUGH BUS DUCT — 51,000 AMPERES 


Finest Products Engineered 


FEDERAL PACIFIC ELECTRIC 


COMPANY 
50 Paris Street, Newark 1, New Jersey 
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o& 
NO MOU NTING WORRIES 


When more contacts are required, the 4-pole 
relay (DO-42) can be substituted for the 2-pole 
(DO-22). Both have identical base plates. 


This new Class g501 Type D relay is amazingly 
compact. 2-pole version measures only 3/6" high 
x 2%" wide! 4-pole is only 3'Ye” high x 2H" wide! 
Both rated 10 amperes, 600 volts. Packaged parts 
kits make normal maintenance easier than ever. 
Write for Bulletin g501 which tells the complete 
story. Address Square D Company, 4041 North 
Richards Street, Milwaukee 12, Wisconsin. 


outst ANDI NG 
PERFORMANC 

Balanced construction reduces 
wear on single moving part... 
results in long life and safe- 
guards against down time. 


RESISTS 
DAMAGE 

Plastic impregnated 
molded coil is un- 
breakable, operates 
cooler, is dimen- 
sionally stable and 
impenetrable by 
water and oil. 


20- SECON D 

Di SASSEMBLY 
Simply loosen two 
screws and the en- 
tire device 1s disas- 
gembled for normal 
maintenance. 








ee :, 
engineers 


physicists 


Leeds and Northrup Company wants 
to talk with you about Engineering 
openings in: 


application 
sales marketing : ) 
production | Design Latitude 
research & development At Jack & Heintz height of engi- 
| | ‘ j neering prominence is your own 
j ‘ choosing.Knowing that advanced 
designs come only from uninhib- 


ited creative talent, Jack & Heintz 
places no limit on your thinking. 














50 years Leeds & Northrup has : 
2 world’s foremost manufacturer of a Freedom From Routine 


Process Control and Scientific At J&H you are made acquaint- 
Measuring Instrumentation ed with routine tasks and then 
freed of them. Specially trained, 
highly reliable technicians are 
at your disposal to handle 
all routine. 


1 A 


If are seeking stability of employment, 
favorable salary schedules, unusual advance- 
ment opportunities plus other employee 


; 
benefits commensurate with these high stand- 
ards, write us today. 


Prominent Associates 


The key to unleashing your cre- 
ative talent lies in association 
with top-notch scientists. Working 
on projects with prominent J&H 
designers will stimulate use of 
your engineering knowledge 
to a degree you may have 
thought impossible. 


~— 


Electrical Measurement & 
Control of Industrial 
Processing 


Advanced Schooling 


J&H encourages and financially 
assists advanced schooling. Sev- 
en colleges are within minutes 
of J&H: Case Institute, Fenn, 
Akron, Kent State, John Carroll, 
Western Reserve and Baldwin- 
Wallace. 


Power Generation & 
Transmission 


ee 


Servo Mechanism 


Digital & Analog 
Computers 














Reward = Contribution 


Combustion Control Initial incentive is created through 
high base salaries and special 
Nuclear Reactors awards in proportionto contribu- 
tions. A unique merit program 
follows you closely. ..evaluating 
and rewarding your perform- 


Write for | ance at regular intervals. 
Details 
to 








This J&H “career rocket” will take you as far—and as fast 
—as you want to go...it has placed J&H engineers in the 
forefront of the development of electric systems for aircraft 
and missiles. Today, you have an opportunity to join us. To 
meet accelerating project demands, we are enlarging design 


Technical Employment sii teams .. . seeking colleagues with degrees in: E. E.; M. E.; 





Ch. E.; Ae. E.; Met. E.; Physics and Math. 
Write to: C.E. Forbes, Manager of Technical 


LEEDS & NORTHRUP COMPANY banay enon a 
4901 STENTON AVENUE 


Philadelphia 44, Pa. 4 | (BL : . ag A 
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VITAL PROJECTS 


such as AERO-13 
CHALLENGE YOU at 


In the nose of the Douglas F4D Skyray 
fighter interceptor is the new Aero-13 
Fire Control System developed by 
Electronics Engineers at Westinghouse 
— Baltimore Divisions. This improved 
system makes possible the detection 
and destruction of enemy aircraft 


under no-visibility weather conditions. 


Westinghouse 


BALTIMORE DIVISIONS 


The development of this System is but one of a series of 


(Photo courtesy Douglas Aircraft 
Company, Inc.) 


ADVANCED EDUCATION 
AT COMPANY EXPENSE 


challenging projects in airborne, ground and shipboard 
electronic systems that offer the electronics engineer the 
true growth potential so important for a real future. Your Westinghouse encourages its 
career at the Westinghouse Baltimore Divisions will be electronics engineers to continue 
their education toward both M.S. 


and Ph.D. degrees. The company 


one of unlimited opportunities—including opportunities 
for work on advanced projects, and opportunities to con- 


@eeeeoeeeeoeeeeeeveeeeeeeeeeeeeeeeeeeee 


tinue your education toward advanced degrees at the pays all tuition expenses. 


company’s expense. If you are interested in this type of hi ndepbesoasawowess~eees 


TO APPLY: 


Send resume of education and 
CIRCUITRY FIRE CONTROL SYSTEMS VIBRATION experience to: 
MICROWAVES OPTICS RADAR DESIGN 
SERVOMECHANISMS — PACKAGING FIELD SERVICE 
MAGNETIC AMPLIFIERS TRANSFORMERS INFRA-RED TECHNIQUES 
DIGITAL COMPUTER = ANALOG COMPUTER COMMUNICATIONS Friendship Airport 
PROGRAMMING DESIGN ANTENNAS Baltimore, Maryland 


career, Westinghouse is interested in you! 


CURRENT OPENINGS EXIST IN THE FIELDS OF; 


Technical Director, Dept. 325 
Westinghouse Electric Corp. 


WATCH 


Westinghouse 


Where big things are happening every day! 
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AVQ-10 weather radar 


aver’ 


model mp 414-b 
dimensions: 1%" x 1"%'' x 3’ 
weight: 14 ounces 


AGNEPULSE 


all-magnetic 
Pulse cenerator 


IN LOOKING for a pulse generator to meet the rigid performance 
requirements of AVQ-10 radar, RCA engineers insisted on extreme 
compactness and outstanding reliability. They found these qualities 
in the MAGNEPULSE MP 414-B. 

Used as a trigger generator for hydrogen thyratrons, this tiny unit 
provides an unfailing “pulsebeat” for AVQ-10 radar as it “looks 
into” the weather to increase reliability and comfort of commercial 
airline and business aircraft. The MP 414-B replaces approximately 
four electron tubes. 


Here are more reasons why RCA chose the MAGNEPULSE MP 414-B: 


+ Unit is hermetically sealed. «Pulse repetition rate: 400 pps. 

«Uses only 1 watt of power. «Pulse width: 4.5 microseconds. 

«Operates on standard 400-cycle aircraft eAmbient temperature: — 40 to + 100° C. 
supply. eNo tubes, no moving parts, no warm-up time. 


+ Provides pulse of 250-volt peak into 500 eShort-circuit proof — no protection circuits 
ohms resistive load. required. 


High-power, all-magnetic pulse generator units are available in 
power ranges from .1 to 10 megawatts to replace conventional 
hydrogen thyratron pulses in radar systems. Excellent performance 
in digital computer applications, too. 


write for EB 204 Magnepulse bulletin 





Personnel Service, Inc. 


(Continued from page 87A) 


CHIEF DRAFTSMAN, B:S. in electrical or mechanical 
engineering, with at least five years’ experience in the 
field of instruments, small mechanisms, such as is found 
in indicating meters, gauges, thermostats, thermometers, 
controllers, timers, etc. Salary open. Location, up- 
state New York. W-3228. 


ASSOCIATE PROFESSOR for electrical engineering 
department. Salary, to start, $4800 for “ /s-month 
academic year. Location, Penna. W- 3229(b). 


ELECTRICAL ENGINEER, B.S. or M.S., preferably 
electronics major or electronics emphasis; at least five 
years’ experience in instrumentation, controls or elec- 
tronits. Knowledge of magnetic amplifiers and elec- 
tronic detectors for pressure, temperature, flow and 
radioactivity desirable but not necessary. Salary, to 
$7500 a year. Location, western Penna. W-3249(b). 


DESIGN ENGINEER, electrical, with commercial 
and industrial application experience for consulting 
engineering firm. Salary open. Location, Texas 
W-3256. 


PATENT ASSISTANT, electrical graduate, with some 
experience covering patents on electrical equipment 
Knowledge of German or French desirable. Salary 
open. Location, New York, N. Y. W-3268 


TEACHING PERSONNEL. Research positions avail- 
able in electrical engineering at Assistant and Associate 
Professor level, for graduate and undergraduate courses 
in communications, circuits and computers. Ph.D. 
desirable, M.S. essential. Positions start September, 
1956. Location, East. W-3285. 


TECHNICAL WRITER, graduate electrical, with 

several years’ experience in electronics, particularly 
guided missiles or radar. Will be assigned temporarily 
to work in upstate New York for a period of six to eight 
months. Salary, $7800-$8320 a year, plus $15 per diem 
eg on assignment. Headquarters, Kew York, N. Y 

V-3286, 


PLANT ENGINEER, electrical or mechanical engineer- 
ing training, with printing press operation and installa- 
tion experience, including electrical equipment and 
controls. Some traveling. Salary, $6000-$10,000 a 
year. Location, New York,N.Y. W-3302. 


ASSISTANT SALES MANAGER to coordinate selling 
activities, coordinate sales and manufacturing, for 
ore? manufacturing electric steam generators 
Salary, to $10,000 a year. Location, New England 
W-3303, 


PRODUCT ENGINEER, 25-40, B.S. in electrical or 
mechanical engineering, or equivalent, with a minimum 
of three years’ experience, to determine and establish 
production and processing methods and techniques, 
equipment tooling and plant layout for the manufacture 
of batteries and parts; trouble shooting on design prob- 
lems in manufacturing; provide technical data, specifi- 
cations and training. Salary, $6000-$7452 a year 
Location, upstate New York. W-3318. 


EXPORT PURCHASING ENGINEER, 25-35, pref. 
erably with an electrical engineering degree or electro- 
mechanical, to handle overseas inquiries for electrical 
materials from branch offices and agents; preparation of 
export quotations for electrical materials purchasing, 
contract negotiations and ability to work closely with 
domestic suppliers. Should have some export knowl- 
edge and general commercial experience. Salary, 
from $6000 a year. Location, New York, N. Y. W- 
3328 


TECHNICAL EDITOR, under 40, electrical or me- 
chanical degree, and some design Nos yee Must be 
able to write fluently and well, and should show evi- 
dence of such ability. Duties include the procurement, 
selection, writing and editing of articles and feature 
departments. Salaryopen. Location,Ohio. W-3334. 


SENIOR RESEARCH ENGINEER, Electronic Divi- 
sion, Ph.D. in electrical engineering, 30-45, with ten 
years’ experience in research and development of complex 
electronic instrumentation, equipment or products 
Knowledge of basic circuitry, electronic instrumenta- 
tion or computers. Will work as project leader in 
electronics division, planning, supervision of research 
engineers on variety of applied electronic research proj- 
ects. Can teach part-time at graduate or under- 
graduate level and develop project ideas for sponsorship. 
Limited travel. Salary, $7500-$10,200 a year. Em- 
ployer will negotiate fee. Location,Colorado. C-4854 


PROJECT DESIGN ENGINEER, B.S. in engineering 
or physics, with at least seven years’ experience in electro- 
mechanical design of small intricate mechanisms. 
Knowledge of magnets, materials, electricity. Will co- 
ordinate and contribute to the conception, creation and 
development of new control products. May direct 
design work of other engineers and draftsmen. Creative 


(Continued on page 94A) 
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for reliability plus versatility 


An electrically controlled pneumatic-hydraulic tool combining the 
convenience of a hand tool and the power of a bench press 
. .» Mounted on a portable cart which serves as a support 
. . Power unit and tool may be detached for use in hard- 
to-reach locations . . . Operated either by foot pedal 
or thumb contact button... Adapted for use on A-MP 


Solistrand, Ampli-Bond and Aluminum terminals. 





ask about 


Aircraft-Marine Products, Inc. 


General Offices: Harrisburg, Pa. 


A-MP of Canada, Ltd., Toronto, Canada *Societe A-MP de France, Courbevoie, Seine, France 
A-MP—Holland N.V., 's-Hertogenbosch, Holland *Aircraft-Marine Products (G.B.) Ltd., London, England 
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e Electrical Engineers 
e Physicists 


¢ Mathematicians 


LINCOLN 
LABORATORY 


SAGE (semi-automatic ground environment) 


AEW (air-borne early warning) 


WHIRLWIND COMPUTER 


SOLID STATE 


HEAVY RADARS 


MEMORY DEVICES 


SCATTER COMMUNICATIONS 


TRANSISTORIZED DIGITAL 
COMPUTERS 


If you are interested in participating 


in any of these programs address: 


Dr. M. G. Holloway, Director 
M.LT. Lincoln Laboratory 
Lexington 73, Mass. 





Personnel Service, Inc. 
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ability required. Products: contactors, relays, solenoids, 
regulators, etc. Little travel. Salary, $8000-$10,000 a 
year. Employer will pay fee. Location, Illinois. 
C-4894, 


DESIGN ENGINEER, with at least three years’ ex- 
perience in electro-mechanical design of small intricate 
devices. Knowledge of magnetics, materials, electricity. 
Will conceive, create and develop new control products. 
Creative ability essential uittle travel. Salary, 
$6000-$8000 a year. Employer will pay fee. Location, 
Illinois. ©-4895. 


DESIGNER, electronics engineer, electrical or mechan- 
ical graduate, with knowledge of electronics and me- 
chanics. Will check engineering prints of electronic 
equipment for design aspects as well as for proper wiring, 
etc. Will also supervise the work of a staff of draftsmen. 
Duration, 12 to 18 months and may be indefinite. 
Salary, $7280-$9360 a year. Employer will negotiate 
fee. Location, Maryland. C-4985 


DESIGNERS, Electronics Circuit, graduates, with a 
minimum of four to five years’ electronics circuit design 
related to (a) actuating equipment, radar, digital count- 
ing computor, pulse techniques; (b) Bevatun, radio fre- 
quency instrumentation, application of power, pulsing 
equipment. Will develop equipment to accomplish 
specified function, determine appropriate combination, 
compute values, designate arrangement, test and verify 
selection and design. Permanent. Salary, $6000- 
$7200 a year. Location, San Francisco Bay area. 
$-1582 


Men Available 


Elec Engr, BSEE; 30, married; PE in Pa; 9 yrs exper 
in Pwr, control circuits, instrumentation in process 
indus incl new constr, original des and supvrn, Desires 
senior Posin Pa. E-856 





SENIOR 
ELECTRICAL 
ENGINEER 


Foreign Employment 


Graduate EE with minimum 10 years’ 
supervisor. experience in _ utilities 
systems planning, study and design 
work. Must be generally familiar 
with power generation, transmission 
and distribution. For The Hague, 
Holland Engineering Office. Gener- 
ous salary plus rent allowance. Liberal 
all-inclusive benefit program. 


PROCESS ENGINEER 


Graduate EE or ME with minimum 5 
years’ experience to handle technical 
aspects of power plant with gas com- 
bustion turbine integrated with steam 
plants, electrical motors, distribution 
and automatic control systems. 2 
Years’ supervisory experience desir- 
able for Gomettene Department lo- 
cated in Saudi Arabia. Generous 
salary plus living allowance; liberal 
all-inclusive benefit program. 


Write giving full particulars regarding 
personal history and work experience. 


Recruiting Supervisor, Box 149 


ARABIAN AMERICAN 
OIL COMPANY 


505 PARK AVENUE 
NEW YORK 22, NEW YORK 
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Be certain you 
MAKE THE R/GHT cHOICE! 
HAVE THE R/GH7 sos! 














ASK YOURSELF THESE QUESTIONS 


CHALLENGING 
OPPORTUNITIES IN 


AVIONICS 
INERTIAL SYSTEMS 


COMPUTERS 
(Digital and Analog) 


MISSILE GUIDANCE 


JET ENGINE 
FUEL CONTROLS 


with 
AC ELECTRONICS 


DIVISION 
OF 





GENERAL 
MOTORS 
Corporation 


Flint 2, Mich 
and 
Milwaukee 2, Wis. 





—Fr WILL FAY YOu. 


Whether a Recent Graduate making his first choice or a veteran Engineer 
seeking that permanently RIGHT position, ask yourself the following questions 
MY TALENTS ARE BEST SUITED FOR? 

Engineers come all sizes, shapes and potentials. G.M.’s policy of 


decentralization creates individual opportunity for development 
and advancement. 


STARTING WAGE? POTENTIAL EARNINGS? 
At G.M. these two questions are best answered by another 
question—“How high is up?” Earnings both present and future 
are entirely dependent upon you. At AC you determine your 
earnings. 

PERMANENCY OF POSITION WITH AC? 
AC has been designated the official ELECTRONICS DIVISION 
for all General Motors Divisions. We are permanently dedicated 
to the research, development and manufacture of things 
Electronic ... making America so it’s safer and better. 

RESEARCH FACILITIES? 
At AC you enjoy working with the latest and the finest of 
equipment and with the top men in the field. 

LIVING CONDITIONS? 
Are the finest possible in Milwaukee, America’s most progressive 
town combining big town cultural and civic advantages with 
small town hospitality. ““An ideal town for ideal family living.” 

WHAT CAN AC DO FOR ME? 


Write us in strictest confidence... you will hear from us by return mail. 
Send us the coupon below... YOUR FUTURE DEPENDS UPON IT. 


AC The Electronics Division 
General Motors Corporation, Milwaukee 2, Wis. 
Send me full particulars about AC ENGINEERING OPPORTUNITIES 


[) So you can better ‘“‘tailor make” your offer to me I have attached a resume of my 
education and/or work experience. 


() I will send it at a later date. 


ee 





Address 





City. 





JUNE 1956 Please mention ELECTRICAL ENGINEERING when writing to advertisers 








LOS ANGELES ( 


SAN FRANCISCO (¢ Be ee. 
Pad ri 

ome i eae 

/ 


SAN DIEGO ( 


ce TUCSON 


























pane WE 


as 8 iy © 


) WALTHAM 
) HARRISON 


FINDLAY | ) MOORESTOWN 























>) LANCASTER 
Z 




















ALEXANDRIA 











‘, . os “~ 
WORLD-WIDE. 


e, 


YoucanSELECT “ZS 





at RCA! 





...New Opportunities ...17 + Locations... One Best For You And Your Family 


Can anyone but RCA offer you 

a choice of locations like this? 

At Camden, Moorestown or Cherry Hill, you enjoy 
cultural advantages of Greater Philadelphia, live at 
moderate cost in pleasant suburban communities. 
Waltham offers at-home opportunities for New 
England engineers. Four ideal West Coast loca- 
tions. Harrison borders on Greater New York. 
Lancaster, Marion and Findlay have small-town 
advantages. There’s pleasant year-round outdoor 
living in Cocoa Beach, on Florida’s central east 
coast. RCA Service Company and Internationa] 
Division assignments include ideal locations in the 
United States, and wherever RCA electronic 
equipments are installed and serviced throughout 
the world. 


Individual Recognition— 

RCA organizes engineering activities into groups 
small enough to allow broadest scope for your indi- 
vidual accomplishment. The average group has 
just 11 engineers. Yet, in all activities, you are 
supported by the entire facilities and engineering 
resources of RCA. 


Salaries — 

RCA engineering salaries average measurably 
higher than other companies’ in the field. Inter- 
mediate engineers, $5000-$8500; senior engineers, 
$8500-$15,000; staff and supervisory salaries open. 


Advancement— 

Scheduled, objective appraisal of your work speeds 
promotion. Professional and financial progress is 
just as sure as your achievements make it. 


Professional Status— 

RCA bases world leadership in electronics on the 
abilities of exceptional men at every organizational 
level. Many have notable engineering and scien- 
tific reputations. You work in day-by-day associa- 
tion with men of this caliber. 


Benefits — 

There’s a complete program at RCA. A very liberal 
Tuition Refund Plan. Company-paid life, sickness 
and accident, hospital-surgical insurance for you 
and your family. Modern retirement plan. Reloca- 
tion expenses paid. Suggestion and patent awards. 





OW, Pinpoint Your Future 


..-Here are the Opportunities! 
.-.-Here are the Locations! 





TYPE OF DEGREE AND YEARS OF EXPERIENCE PREFERRED 
Chemistry 


FIELDS OF ENGINEERING ACTIVITY poet: eet ee late 
u 
0-2 | 2-3 [4-15 ]0-2 | 2-3 [4-15] 1-2} 2-3 | 4-15f 1-2] 2-3 [4-15 
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© DESIGN + DEVELOPMENT 
KINESCOPES (B & W and COLOR), OSCILLOSCOPES—Electron 
Optics—instrumental Analysis—Solid States (Phosphors, High Tempera- 
ture Photosensitive Materials and Glass to Metal 
RECEIVING TUBES— Tube Design—Test and Application Engineering— 
Chemical and Physical Development— Methods and Process Engineering 
— Advanced Development 


MICROWAVE TUBES—Tube Development and Manufacture (Traveling 
Wave—Backward Wave—Magnetron) 

GAS, POWER AND PHOTO TUBES—Photosensitive Devices—Glass 
to Metal Sealing—UHF and VHF—Power 


os 


L 
w 
c 
» 


COMPUTERS—Systems— Advanced Development—Circuitry—Assembly 
Design—Mechanisms— Programming 


OF|xoE! e 


COMMUNICATIONS — Specialized Military Systems — Microwave 
Studies 


x2| oO |xoz 


COMPONENTS—Transformers—Coils—TV Deflection Yokes (Color or 
Monochrome)—Resistors—Ferrites (Material and Parts) 


ON|xZE| o |xo Exo xo Ss] & 
ON|x2E| © |XOE KOZ xoE 


ON|x23| o [xoxo 


oO 


¢ MACHINE DESIGN ¢ 


L 
Mechanical and Electrical—Automatic or Semi-Automatic Machines : ~ 


Locations: C—Camden, N.J. F—Cocoa Beach, Fla. H—Harrison, N.J. 1—International Div. L—Lancaster, Pa. M—Moorestown, N.J. S—RCA Service Co. (Cherry Hill, N.J.: 


Alexandria, Va.; Tucson, Ariz.; San Diego, Sacramento, San Francisco, Calif.; Foreign Assignments). W—Waltham, Mass. X—Los Angeles, Calif. Y—Marion, ind. Z—Findlay, Ohio 


Mr. John R. Weld, Employment Manager 
Please send resume of education and experience, with location preferred, to: Dept. A-14F, Radio Corporation of America 


30 Rockefeller Plaza, New York 20, N.Y. 


RADIO CORPORATION of AMERICA 


® Copyright 1956 Radio Corporation of America 
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HOW SYLVANIA HELPS 


You Step Up YOUR 





CAREER POTENTIAL 


THERE IS NO QUESTION 

that success today is measured directly 
by the investment a company makes 
in research and development. 


THERE IS NO QUESTION 

that Sylvania reinvests MORE than 
the average large company today... 
in research and development. 


If you too are a man of original ideas, 
you will want to consider these unusual 
openings at Sylvania’s Waltham, 
Massachusetts, or Buffalo, New York 
Laboratories: 





RADAR SYSTEMS ANALYSTS « DIGITAL SYSTEMS ENGINEERS 
COMPUTER PROJECT ENGINEERS « LOGICAL DESIGN ENGINEERS 
ELECTRONICS GROUP LEADERS: 

(1) Miniaturization and Packaging (2) VHF/UHF Receiver 


desion (3) Radio-Teletype Receiver and/or Transmitter design 


SENIOR MECHANICAL ENGINEERS (including automation) 
SENIOR-LEVEL MICROWAVE AND ANTENNA ENGINEERS 


RESEARCH MATHEMATICIAN 


INTERVIEW 

AND RELOCATION 

EXPENSES WILL BE 

PAID BY SYLVANIA 


Sylvania provides financial- 
support for advanced 
education as well as 

liberal insurance, 

pension and 

medical 

programs. 
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Please forward resume to 
Professional Placement Supervisor: 


WALTHAM 
LABORATORIES 


BUFFALO 
LABORATORY 


Erling Mostue E. F. Culverhouse 
100 First Ave. 


Waltham, Mass. Buffalo 7, New York 


9 
SYLVANIA 


SYLVANIA ELECTRIC PRODUCTS INC. 


Your inquiries 
will be answered within 
two weeks. 


175 Great Arrow Ave. 








CLASSIFIED ADVERTISING 


For help and situations wanted, $2.00 per line, 
minimum 5 lines, maximum 30 lines. Sale and 
purchase of used machinery etc., $2.50 per line, 
not available to dealers. Address orders to: 
Classified Section, ELECTRICAL ENGINEER- 
ING, 500 Fifth Avenue, Suite 13, New York 36, 
N.Y. 

When answering an advertisement, send all 
replies to box number specified, c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given. 





Positions Wanted 


ATTORNEY-ENGINEER, B.S.E.E., P.E., L.L.B., 
JUNE 1956, 5 years experience power rates and design 
Prefers legal emphasis such as public utility, contracts, 
patents, or business administration. Box 446. 


SCIENCE - ENGINEERING - MANAGEMENT 
Master’s Degrees in chemistry and electrical engineering. 
Research, consulting and management experience. 
Interest in mathematics and mechanical devices. Seek 
opportunity to make better use of ‘‘generalist” talents 
Age 34, present salary $10,000. Box 447. 


PATENT ENGINEER, B.E.E., B. Aero. E., L.L.B. in 1 
year, scholarship student. Diversified electronics ex- 
perience including transistor circuitry, servo systems and 

atent applications. Desire liaison or trainee position in 
New York City area. Box 448. 


Positions Open 


ELECTRONIC RESEARCH AND DEVELOPMENT 
positions are now available at a university in the South- 
east. Instructors required for September, 1956, $4000- 
4800; graduate assistants (M.S. in twelve months), 
$110 per month, tuition-free. Write Box 356. 


PRODUCTION ENGINEER—needed by fast growing 
manufacturer of air cooled and liquid transformers in 
sizes up to 2000 KVA. Unlimited opportunity for 
advancement. Reply stating age, education, experience, 
yy particulars and minimum salary expected 
ox 397. 


TRANSFORMER DESIGN ENGINEER—needed by 
medium size fast growing manufacturer of air cooled 
and liquid transformers up to 2000 KVA. Unlimited 
opportunity for advancement. Chicago area. Reply 
Stating age, education, experience, personal particulars 
and minimum salary expected. Box 398 


ELECTRICAL DRAFTSMAN—needed by fast grow- 

ing manufacturer of air cooled and liquid transformers 

Chicago area. Reply stating age, education, experience, 

weg particulars and minimum salary expected. 
ox 399. 


RESEARCH ENGINEER to supervise research and de- 
velopment work in electrical laboratory of a small elec- 
trical manufacturing company specializing in electro- 
mechanical audio frequency responsive devices, and in 
the measurement of a-c and d-c characteristics of dielec- 
trics. Graduate degree in electrical engineering neces- 
peek st gm om in high-voltage engineering, and with a 
sound mathematical background. Location Philadel- 
phia. Box406, 


ELECTRICAL ENGINEERS—Minnesota Manufac- 
turer of large Synchronous and Induction Motors and 
Controls has Sales Department positions available for 
Electrical Engineers. Opportunities are open for both 
home office sales work and outside sales engineering; 
or will train men at home office for future outside sales 
work, There will be advancement for enterprising men 
in both opportunities. Initial responsibility commen- 
surate with experience. An excellent opportunity for 
Electrical Engineers preferring stimulating sales work 
Home office—Minneapolis, Minnesota. Write Box 413 


SALES ENGINEER, TECHNICAL ELECTRICAL 
GRADUATE to work with Manufacturers Representa 
tive, New York area. Good opportunity for man famil- 
iar with power equipment and ability to progress 
Box 422. 


ENGINEER with graduate degree in electrical engi- 
neering for research and development work in small 
instrument manufacturing company in Philadelphia 
specializing in electro-mechanical audio frequency re- 
sponsive devices and dielectric measurements. Box 440 


(Continued on page 99A) 
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Classified Advertising 
(Continued from page 98A) 


TRANSFORMER SALES ENGINEER—To meet the 
requirement of an expanding program, a national manu- 
facturer of air cooled transformers has openings for ex- 
perienced transformer sales and application engineers. 
Applicants should have an Electrical Engineering De- 
= and several years experience in the selling of trans 
ormers or similar electrical equipment. Salary $6000 





NOTE: Closing date for material to be 
set in the classified advertising column, as 
well as cancellations for running ads, must 
be received not later than the first of the 
month preceding issue; i.e., July first 


for August issue. 











to $7200. Apply for this opportunity by sending com- 
plete resume to—Hevi Duty Electric Company, Mil- 
waukee 1, Wisconsin. 


ELECTRONICS ENGINEERS. Significant and chal- 
lenging programs in the fields of radar-aeronautical 
systems and electronics. The programs are categorized 
in a broad sense asfollows: RADAR-AERONAUTICAL 
SYSTEMS—All weather flight systems, radar control 
systems for airplanes and missiles, flight control com- 
uters, and specialized radar research. ELEC- 

RONICS AN AUTOMATIC COMPUTERS— 
Communications and data processing systems electronic 
computer techniques, flight simulators, with detailed 
electronic circuitry involved in these applications 
Cornell Aeronautical Laboratory, Inc., 4467 Genesee 
Street, Buffalo 21, New York. 


ELECTRICAL ENGINEERS AND ELECTRICAL 
DRAFTSMEN for large progressive firm of Architects 
and Engineers. Permanent positions available for grad- 
uate EE’s (or equivalent). Must be experienced in 
heavy cuumaaecial and industrial construction: design, 
layout, specifications, estimates, N. E. C. requirements, 
etc. Salaries commensurate with abilities and experi- 
ence. John Graham and Company, Architects—En- 
gineers, 1426 Fifth Avenue, Seattle, Washington. Loca- 
tion—Pacific Northwest. 


PROFESSOR OF ELECTRICAL ENGINEERING to 
teach and do research in electromagnetic theory and 
do research in electro-magnetic-theory and antenna 
development. Should have Ph.D., teaching experience, 
and practical work in the antenna field. Salary 
$8,900-$12,000. Write Box 442 


WANTED BY SALES DEPARTMENT of maior pri- 
mary aluminum manufacturer, Electrical Engineer to 
help users of aluminum electrical conductors to over- 
come technical problems and to coordinate customer re- 
quirements for aluminum conductors with manufactur- 
ing capabilities. Basic requirements: Graduate Elec- 
trical Engineer, practical experience with design of elec- 
trical power y ipment or systems, age preferably be- 
tween 30 and 40. Salary commensurate with qualifica- 
tions. Box 443. 


ENGINEERS—COLLEGE POSITIONS—for B.S., 
M.S. and Ph.D. All sections U.S. Excellent Salaries 
Send photos and qualifications to Cline Teachers 
Agency, Box 607, East Lansing, Michigan. 


SENIOR ELECTRICAL ENGINEER—Graduate with 
8 to 15 years’ experience in power generation, trans- 
mission and distribution to head electrical design group 
for medium-sized, nationally-known, western consulting 
organization. Opportunity for right man to demon- 
strate qualifications for acquisition of interest in an ex- 
panding business. Box 444, 


TEACHING PERSONNEL—(a) Ph.D. in electrical 
engineering for teaching and research. (b) Instructor 
for teaching and research. B.S. degree acceptable if 
willing to work toward M.S. Salaries commensurate 
with qualifications. Write Head, Department of Elec- 
trical Engineering, University of Denver, Denver 10, 


Colorado. 


TWO—THREE ELECTRO-MECHANICAL EN- 
GINEERS, U.S. born, age 25 to 30, with not less than 
2-3 years professional experience with manufacturer of 
power equipment (not communications) or utility, for 


(Continued on page 100A) 
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SYNTAC 


SYNTAC, of Synthetic Tactics, is a 
dynamic, two-sided map maneuver 
with controlled intelligence flow. It 
is one of several tools of analysis used 
by the Combat Operations Research 
Group to develop new combat orga- 
nizations and tactics for the Army. 


Physicists and applied mathe- 
maticians can make substantial 
contributions to long range CORG 
operations research efforts. Staff 
appointments are available for indi- 
viduals with various levels of train- 
ing and experience. 


Write for brochure: 


Dr. F. C. Brooks, Director, CORG 
Fort Monroe, Va. 


TECHNICAL 
OPERATIONS, inc. 


we 








BIBLIOGRAPHY ON 
TESTING OF 
INSULATING MATERIALS 
AND SYSTEMS FOR 
THERMAL DEGRADATION 
(April 1956) 


This bibliography, S-87, has 
been prepared under sponsor- 
ship of the AIEE Committee 
on Dielectrics. It represents a 
compilation of articles dealing 
with, or containing in part, 
discussion on measurements and 
techniques employed for an 
evaluation of thermal degra- 
dation characteristics of insula- 
tion materials, systems, or capaci- 
tors. The articles have been 
grouped into six categories for 
easy reference. Price: $0.50. 


Available from: Order Dept., 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS, 
33 West 39th Street, 
New York, N. Y. 














ELECTRICAL ENGINEERS 


SENIOR 
ASSISTANT & JUNIOR 
COLLEGE GRADUATES 








ELECTRICAL DESIGN 
Public Utility Power Plants, 


Distribution & Transmission Systems 





RELAY AND APPLICATION 
ENGINEERS 
Min 5 years experience 
JUNIOR AND SENIOR 
DESIGN ENGINEERS 
2-10 plus years experience 
Distribution Engineer 
Min 5 years experience 
MAINTENANCE & GENERAL 
TECHNICAL ENGINEERS 
Min 8 years experience 





Location New York—Permanent 
positions—long established service 
and supervisory organization for 
large group of Electric Utilities located 
Latin America. Some travel neces- 
sary future. Usual employe benefits. 
Reply stating age, education, experi- 
ence, personal particulars and salary 
expected. 





AMERICAN & FOREIGN 
POWER COMPANY INC., 
AND SUBSIDIARIES 


2 Rector Street, New York 6, New York 
2lst Floor DI 4-4400 Ext. 8494 
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ENGINEER, ME, EE 


NUCLEAR REACTOR DESIGN 
FOR AIRCRAFT 


A long-range well-paid career position in 
the highly promising new field of aircraft 
nuclear propulsion, is now open with 
General Electric. This position will 
appeal to the qualified engineer whose 
creative fluency keeps him abreast of the 
many unusual design problems that he 
will encounter. 


Requirements include a B.S. or advanced 
degree in mechanical or electrical engineer- 
ing, plus familiarity with fluid flow, heat 
transfer, stress, etc. Some knowledge of 
fabrication processes and techniques ts 
preferable. 


Publication of research results in the 
appropriate classified or open literature ts 
encouraged. 


OPENINGS AT CINCINNATI, OHIO 
AND IDAHO FALLS, IDAHO 


Address replies, stating salary~ requtre- 
ments, to location you prefer 


W. J. Kelly, P.O. Box 132, Cincinnati, 0. 
L. A. Munther, P.O. Box 535, Idaho Falls, Idaho 


GENERAL @@ ELECTRIC 


99A 








Scientists... Engineers Classified Advertising 


: ; (Continued from page 99A) 


about | year’s training in New York headquarters, later 
to be appointed district representatives in Continental 
U.S.A. Men with working knowledge French or 
German are preferred. Salary during training period 
$6000 to $7000. Box 445. 


INSTRUCTOR OR ASSISTANT PROFESSOR in 
Electrical Engineering beginning September, 1956. 
One qualified and interested in teaching fundamental 
undergraduate courses plus one graduate course. Ph 
or M.S, required with salary dependent on qualifications. 
City location with many industrial contracts. Apply 
Department of Electrical Engineering, Saint Louis 
University, St. Louis 8, Missouri. 
5 


PERMANENT STAFF POSITIONS IN ELEC- 
TRONICS open in Electrical Engineering Fall, 1956 at 
the South Dakota School of Mines and Technology, 
Rapid City, South Dakota. Ph.D. preferred but will 
consider M.S, degree. Expanding department to in- 
clude graduate school. Ten month appointment, rank 
and salary commensurate with qualifications. Located 
in the Black Hills region of South Dakota. Write Head, 
Department of Electrical Engineering. 


CALIFORNIA STATE POLYTECHNIC COLLEGE 
plans additions to its staff in the Electrical Engineering 
and Electronic Engineering Departments to teach junior 
and senior level courses. Starting salary commensurate 
with education, age, and experience. Working condi- 
tions and locality good. For information, write to 
Harold P. Hayes, Dean of Engineering, San Luis Obispo, 
California. 
A word from 
DUAL TEACHING-RESEARCH POSITIONS avail- 
3 fy i 7 Y ON a , ° - able in Electrical Engineering at Assistant and Associate 
Dr. William E. Shoupp, Technical Director Kecleuk tame Diem aeninie eaeed aemeor 
work. Salaries are competitive. Applicants must have 
a Ph.D. degree. Send resume of educational back- 
ground and experience to Dean Ralph A. Galbraith, 
College of Engineering, Syracuse University, Syracuse 
10, New York, 


\ ‘ 7 o 
estinghouse TRANSFORMER ENGINEER—Experienced in dee 


sign of dry type and liquid-filled units through 5000 KVA. 
Chance to head department. Rapidly expanding com- 


4 * “ 
Commercial Sg apt ea 
. 
Atomic Power 


complete resume to Box 432. 
“Our scientists and engineers are the pace setters in the brand- H 
new field of nuclear science and engineering-for-power. 


““Westinghouse has specific commercial projects under way. 
These represent firm orders—not just jobs under negotiation. REPRESENTATIVES 
The results will be visible in the shortest possible time, as the 


projects are built and go into their operative stage. And you LEAR, INC. is emending its top notch 


Field Service organization to keep 
pace with increasingly widespread 
military acceptance of LEAR flight 
An Experienced, Young, Fast-Growing Team control systems and flight reference 
systems. 


don’t have to be experienced in nuclear power to join us in 
this exciting new profession.”’ 


CAPA—Commercial Atomic Power Activity—is the most dy- 
namic new division at Westinghouse. We’re “‘fluid,’’ not fixed. Attractive salary, liberal expense ar- 
Supervisory jobs open up fast! rangements. Assignments may re- 
Our growth curve is bound to be steep—as electric power quire travel or residence at assigned 
demand and atomic power production pyramid sharply. We’re stations. Company orientation prior 
entirely commercial—not dependent on government contracts. to assignment. 
Opportunities for advanced study at company expense. Get in . . P 
se the “industry of tomorrow’’ today- at iniaiienia CAPA. Qualifications include: 
1. E.E. Degree or equivalent. 
Immediate Openings for professionally established men and 
those just starting their careers: Physicists * Physical Chem- 
ists « Chemical Engineers « Mechanical Engineers « Electrical 
Engineers « Designers » Metallurgists. 


2. Knowledge of servomecha- 
nisms, gyros, electronics. 


3. Tech. Rep. experience. 
4. Must be U. S. Citizen 


. . . ae To Apply, send resume to: 
Please mail résumé of your professional and 


Send your business background to: C.S. Southard, West- 
résumé inghouse Commercial Atomic Power, Box 355, 


Dept. 112, Pittsburgh 30, Pennsylvania. | £ A ~ . | N C e 
110 lonia Ave., N. W. 
WATCH WESTINGHOUSE! ) Grand Rapids 2, Mich. 


FIRST IN ATOMIC POWER ' essen staan 


100A Please mention ELECTRICAL ENGINEERING when writing to advertisers JUNE 1956 


Field Service Manager 

















ELECTRICAL 
ENGINEERING 


the voice 

of authority 

in the 

electrical field 

Will place your product 
advertising in the hands 
of key engineers and 


executives — men who 
direct the 


BUYING 


IN THIS 
MULTIBILLION 
DOLLAR MARKET 


ELECTRICAL 
ENGINEERING 


has a circulation 
of more than 


60,000 


Published since 1883 


Advertisers and 
Agencies are invited 
to wire or write for 
complete _ information 


ELECTRICAL 
ENGINEERING 


SUITE 13, Lower Level 
500 FIFTH AVENUE 
NEW YORK 36, N. Y. 
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WHERE IN THE WORLD ¢ 
DO YOU WANT TO GO 
IN YOUR ENGINEERING CAREER? 


If you are seeking an opportunity to further your career with a 
fine company . . . look no further. 
TWA presently has openings for Aeronautical, Mechanical, Elec- 
trical and Electronic Engineers to work with a small, select 
group of engineering associates. This arrangement gives each 
engineer the opportunity to demonstrate his ability and to 
advance within the company . .. the opportunity to build his 
future with the world’s finest airline. 
Qualifications: B.S. in Engineering. 
Location: TWA’s ultra modern building now nearing comple- 
tion at Kansas City, Mo. 
Living Conditions: Excellent, both city or suburban private 
homes or apartments. 
Benefits: Many employee benefits, including liberal free 

transportation for yourself and family each year. 

Salary: Commensurate with experience. 

If you are an engineer with qualifications in any 
of these fields, explore your opportunity with 
TWA today. Write: 


Mr. Paul Day, Employment Manager 


TRANS WORLD AIRLINES 


Kansas City 5, Missouri 





Save Draftsmen’s Time 
YOUR OFFICE TYPIST CAN DO THE LETTERING JOB 


Why waste a good draftsman’s time on hand lettering. 
Your typist can do a neater and more legible job...4 times 
faster...on the Vari-Typer lettering machine. Easy to 
operate. Universal keyboard with hundreds of instantly 
changeable type styles. 


For any method 
of duplicating 
or reproduction 

Handles 

tracings 12 ft. 

or more in 


width 





| RALPH C. COXHEAD CORPORATION 
| 720 Frelinghuysen Avenue, Newark 12,N. J. 


2 Please send VARI-TYPER Booklet Booklet E-67 


LETTERING | 
MACHINE |= 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 








ENGINEERS 


rae S 
case of 
THE MAN 
WHO CHANGED 
HIS JOB Z 


could be 
you! 


Are you like the graduate engineer whose 
first job in industry failed to offer the oppor- 


PHYSICISTS 


TUBE DESIGN & DEVELOPMENT 
MICROWAVE TUBES: Masgnetrons, traveling 


wave tubes, klystrons, reference cavities, and other 
devices. 


PICKUP DEVICES: Image orthicon, vidicon, 


infrared, X-ray image intensifier. 
POWER TUBES: High power, neutron counter, 


or gas tubes. 


CATHODE RAY TUBES: Color and black-and- 


white. 





on TUBES: Including receiving and power 


tubes. 


THERMIONIC EMISSION ENGINEERING 


In each of the aforementioned fields. 


APPLICATION ENGINEERING 


In each of the aforementioned fields. 


tunities and challenges he wanted? 
MANUFACTURING ENGINEERING 


Microwave, image orthicon, receiving or color TV 
tubes. 


QUALITY CONTROL ENGINEERING 


For process capability studies and process control 


Happily he learned of the unusual opportunities at the fast-growing Westing- 
house Electronic Tube Division in Elmira,N. Y. He made the change to Westing- 
house and was glad he did! For here he has found the challenge, and the reward 
of recognition for achievement. His family is happier, living in our clean, progres- 
sive, upstate community of good homes, schools and churches. Why not investigate 
your chances for new happiness at Westinghouse? 


ONLY YOU! 


CAN MAKE THIS 
IMPORTANT 
DECISION 

















Phone R. M. Jarrett collect, or send resumé to Dept.L 18 


Westinghouse 


ELECTRONIC TUBE DIVISION @ ELMIRA, NEW YORK 





EVERYTHING 


--and everyone 


IS GROWING FAST IN 
AVIONICS 


LEAR, Inc. 


an important & competent 
designer & producer of 
aircraft precision equipment 


LEAR, Inc. has built an enviable record of achievement in the design and 
manufacture of complex precision devices for modern aircraft and missiles, including: 


FLIGHT CONTROL SYSTEMS 
FLIGHT REFERENCE SYSTEMS 
ELECTRO-MECHANICAL SYSTEMS 


and components for navigational systems, instruments, communications and 
for other exacting requirements of the aviation industry. 


ELECTRONIC & MECHANICAL ENGINEERS 


with varying degrees of experience in research, design and development 
now have an opportunity to join LEAR, Inc.—and the avionics industry. 


To complement your working hours in challenging advanced projects, you will enjoy the 
pleasurable living that Grand Rapids, Michigan, offers you and your family. 


Send resume to: Employment Manager 

Pa LEAR , Inc. 

7 {10 lona Ave., N. W. 
Grand Rapids 2, Mich. 
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TO 
RESEARCH-MINDED 
ENGINEERS 
AND 
SCIENTISTS 


You can make the most of 
your creative and imagina- 
tive ability at North Ameri- 
can’s Columbus Division— 
home of the famous Navy 
FURY JETS. 


Exciting, advanced research 
programs are now under- 
way in six promising fields; 


MICROWAVE 


ANTENNAS 
RADOMES 


FLIGHT 
CONTROL 


FIRE CONTROL 


SERVO- 
MECHANISMS 


To find out more about a 
highly profitable research 
engineering career in 
Columbus, 


CONTACT: 
Mr. J. H. Papin 
Dept. 56 EE 


NORTH 
AMERICAN 
AVIATION, INC. 


Columbus 16, Ohio 


“l chose Stromberg-Carison 
for a new way Of life... 


maybe you should, too” 


Stromberg-Carlson offered me and my 
family so much more than a good salary, 
plus bonus and a flock of fringe benefits, 
that I couldn’t say anything but “When do 
I start?” 


There’s the Company itself—sixteen times 
bigger today than in 1940—and now a divi- 
sion of the headline-making General Dy- 
namics Corporation. One look at its Re- 
search Lab alone convinced me that here is 
probably the “hottest” electronics industry 
in America today. 


There’s Rochester, and its surroundings. 
Right in the heart of the Finger Lakes; only 
four hours from the Adirondacks. Home of 
the Eastman School of Music and Eastman 
Theatre; of world-famous parks; of no less 
than thirteen golf courses; of schools and 
shopping centers unrivalled in the East; of 
scientific industries whose engineers turn 
up as your next-door neighbors. 


Above all there’s opportunity. As the 
chap who hired me put it, “This is the spot 
for men who are either stymied in a little 
company, or buried in a giant.” More than 
twenty fields of employment are open—as 
shown by the list to the right. 


I started with a detailed letter of inquiry 
to Howard L. Foote, at the address below. 
Why don’t you do the same? 








Audio Amplifiers 

Auto Radio 

Automation 

Carrier, Wire-Line 
Countermeasures 

Data Processing 

Digital Techniques 
Electro-mechanical Design 
Electronic Carillons 
Electronic Switching 
Infrared 

Intercom Systems 
Laboratory and Test 
Engineering 

Loudspeaker 

Magnetic Tape Recorders 
Microwave, communication 
Navigational Systems 
Radar 

Telephone Switching Technique 
Transistor Engineering 
Voice communication 
Writers—Bid Proposal 
Writers—Technical 








STROMBERC-CARLSON COMPANY 


A DIVISION OF GENERAL OYNAMICS CORPORATION 


107 Carlson Road, Rochester 3, N. Y. 
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COMBUSTION ENGINEERING, INC. 


Reactor Development Division * Department B, Windsor, Conn. 


nu 


AREERS for 
SCIENTISTS and ENGINEERS 


At COMBUSTION ENGINEERING’S new 
Nuclear Engineering and Development Cen- 
ter, Windsor, Connecticut, permanent 
openings for SENIOR AND JUNIOR POSI- 
TIONS are available to qualified 


Aeronautical Engineers Mechanical Engineers 
Metallurgists 
Naval Architects 


Nuclear Engineers 


Chemical Engineers 
Chemists 

Design Engineers 
Electrical Engineers Physicists 


Mathematicians Structures Engineers 


Here is your opportunity to help develop a 
new NAVAL NUCLEAR PROPULSION 
SYSTEM — with the first company in the 
country that will complete such an AEC con- 
tract with its own facilities. 

You will be a member of a company that 
is well-established in the Nuclear Power field. 
Combustion Engineering has accumulated 
ten years’ experience—designing and building 
major reactor components, both for Naval 
units and for central stations. 

And you'll find Windsor a wonderful place 
to live. Only 8 miles from Hartford, it is an 
ideal location, both for work and for play. 

If you are a citizen, whether you have 
Nuclear experience or not—send a complete 
resume, in strict confidence, to B-921 














Electrical Engineers 


Development engineers will be interviewed 


The Superior Electric Company has several openings 
in product and circuit development for qualified en- 
gineers. Minimum requirements are Bachelor’s de- 
gree with two or more years of experience. Higher 
degrees will be preferred in lieu of experience 


This is an opportunity to work in New England with 
a smaller company. Send complete resume including 
education, experience. salary and history to 


William P. Carpenter 
The Superior Flectric Company 
Bristol, Connecticut 











ELECTRICAL ENGINEERS 
(Ages 25-30) 
A major integrated U. S. oil company oyerating in South 
America has career employment opportunities in an expanding 
organization for qualified electrical engineers. Candidates 
must have a degree in electrical engineering and 414 to 6 
years of experience in electrical engineering, with emphasis 
on electrical power applications or refining electrical design. 
Salary and bonus approximately $14,000 with liberal employee 
benefits and home vacations with travel expenses. Send com- 
plete personal data and work experience resume. Interviews 
will be arranged for qualified candidates. All replies con- 
fidential. 
Box 1221, Dept. U-75 
New York 1,N. Y. 








ELECTRONIC ELECTRICAL 
ENGINEERS 


Wanted to undertake research projects in ELECTRONIC COM- 
PONENTS and related areas. Positions are open at all levels of pro- 
fessional attainment and should be particularly attractive to imagina- 
tive and versatile individuals with broad interests. 


The components field is one of rapidly growing importance. Research 
in this area involves materials, fundamental design, measurements, 
and high temperature application, and reliability problems. 


Advantage of employment at Armour Research Foundation include 
good pay. unusual educational opportunities, good working conditions, 
and association with outstanding scientists and engineers. 


If you qualify for these challenging positions, please write: 


J. A. Metzger 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th St. 
Chicago 16, Illinois 




















TELEPHONE ENGINEERS 


Transmission Equipment 
Outside Plant 
California Location 


Opportunities exist for men with real interest in communi- 
cations and a desire to work out field problems in terms of 
advanced design communications equipment. Positions are 
available in advance systems planning customer service groups 
for men with telephone background. Excellent advancement 
possibilities in a young and growing organization. Top notch 
salary and benefit program. Write or call 


LENKURT ELECTRIC CO. 


1105 County Road, Lytell 1 8461 
San Carlos, California 
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putting | IDEAS 





‘to work—research at| 1BM | 
eihanien’ 


® Merry-go-round: Automatic magnetic torque balance, accurate to 


0.0006 inch-ounce, used to measure magnetic anisotropy of memory 
core materials. IBM Bulletin No. 100. 


Trigger Happy Transistor: Used in place of a thyratron, new tran- 


sistor permits high-speed switching of large currents by a low-power 
electrical pulse. IBM Bulletin No. 101. 


Incubator Hatched: Tube elements spaced 1/5000 of an inch apart; 


assembled in the Very Clean Room. 
For bulletins, write to Dept. SA6, IBM, 590 Madison Ave., N.Y. 22, N.Y. 


Merry-go-round 


Adding “memory” to machines is no 
longer a scientist’s fancy. It is a fact. Ac- 
tually, this ability to “remember” is the 
ability to “recall” information previously 
entered into the machine. One of the 
latest and best ways of storing informa- 
tion utilizes the now familiar small, 
rugged, reliable magnetic cores. Each 
letter or numeral is stored in a kind of a 
““Morse code,” where a dash is repre- 
sented by one direction of magnetization 
and a dot by the other. But, to employ 
cores more effectively, the IBM Research 
people are studying a number of very 
basic things having to do with ferrites. 
One of these is magnetic anisotropy— 
which involves the continual measure- 
ment of the minute torque exerted in a 
magnetic crystal by a rotating external 
magnetic field. 


TORQUE CURVE OF APPROIOMATE (110) DISK OF 
Fe, 0, AT ROOM TEMPERATURE (SAMPLE VOLUME « 0.01¢C) 


To increase the speed and accuracy of 
measurement of this property, Ralph 
Penoyer, of our Ferrite Materials Re- 
search Group, has developed an auto- 
matic magnetic torque balance that is 
accurate to 0.0006 inch-ounce, and al- 
lows the direction of the magnetic field 
to change through a 360° arc in one min- 
ute. Obtaining and plotting such data 
was, by standard methods, a laborious, 
time-consuming process. 


Full details describing the device, cir- 
cuit diagrams, method of operation, 
calibration and accuracy are available 
in IBM Bulletin No. 100. Write for 
your copy. 


Trigger Happy Transistor 

Everybody is talking about transistors. 
But, certain problems are not readily 
solvable by the use of conventional tran- 
sistors. A typical problem is that of pick- 
ing up a relay with a transistor controlled 
by microsecond pulses. So Richard Rutz, 
of our Semi-Conductor Devices Research 
Group, took a long look at transistor 
possibilities in this case. The result: The 
IBM X-4 Transistor. This new type per- 
mits high-speed switching of large cur- 
rents by low-power electrical pulses. It 
operates with a turn-on time of two ten- 
millionths of a second and a turn-off time 
of one-millionth of a second; experi- 
mental models have been made to switch 
currents as high as 15 amperes. 

You can find full scientific data on the 
X-4, its construction, electrical charac- 
teristics, and circuit applications in IBM 
Bulletin No. 101. 


IBM X-4 THYRATRON TRANSISTOR 


Laboratories at Endicott, Poughkeepsie and Kingston, N.Y., and San Jose, Calif. 


DATA PROCESSING + ELECTRIC TYPEWRITERS + TIME EQUIPMENT + MILITARY PRODUCTS 
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Incubator Hatched 


Dirt, dust and moisture are death to deli- 
cate electrical devices. In our experi- 
mental component assembly room— 
which we call the Very Clean Room— 
at our Poughkeepsie Research Labora- 
tory, we've eliminated the scourges. How 
do we keep the Very Clean Room clean? 


Clean, temperature- and humidity-con- 
trolled air is blown into the room, keeping 
the pressure inside greater than outside. 
Therefore, when one enters from the out- 
side no dirt enters with him. As a further 
precaution, he must wear a lintless nylon 
lab coat over his clothing. Dry, clean, 
compressed nitrogen replaces compressed 
air to blow off particles of dirt that may 
accumulate on an assembly. Since a great 
deal of work in this room is done under 
microscopes, with wire as small as one- 
sixth the diameter of the average human 
hair, controlled atmospheric conditions 
are vital. 


To learn more about career opportuni- 
ties available at IBM, write, describing 


your background, to: W. M. Hoyt, IBM, 


Room 306, 590 Madison Avenue, New 
York 22, N. Y. 
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ENGINEERS 
PHYSICISTS 
MATHEMATICIANS 








Leteummeninisiiinibaiimaisilll 


Excellent career opportu- 
nities for competent and 
energetic men, with good 
theoretical and applied 
background in any of these 
fields of research, to work 
on challenging and di- 
versified assignments. 


OPENINGS 
AT ALL 
LEVELS 


e OPTICS 

e INFRARED 

e RADAR SYSTEMS 
ANALYSIS 

Excellent salaries and lib- e FIRE CONTROL 

eral fringe benefits: 1 SYSTEMS DESIGN 

month’s vacation, group e CIRCUITRY 

life and hospitalization e COMMUNICATIONS 


insurance, tuition for ad- 
vanced studies. 











Degree and U. S. 
Citizenship Required. 


SEND RESUME 
TO G. F. WARNKE 


THE UNIVERSITY of CHICAGO 
CHICAGO MIDWAY LABORATORIES 
6220 South Drexel Ave., Chicage 37, Illinois 


Butterfield 8-6625 
ON PUUSE SARE SCI LE GEE ET 
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REPUBLIC AVIATION ANNOUNCES 


THE FORMATION OF ITS 


FOR BASIC STUDY IN AEROPHYSICS 


DR. THEODORE THEODORSEN 


APPOINTED DIRECTOR OF NEW CENTRALIZED RESEARCH ACTIVITIES 


Republic Aviation is proud to announce the formation of the Scientific Research 
Staff, concentrating all company-wide fundamental research in one central group... 
broadening and deepening the scope of its theoretical and experimental investigations. 


The company counts itself fortunate in obtaining the services of Dr. Theodore 


Theodorsen, discoverer of many basic aerophysical principles, as Director of its Sci- 
entific Research Staff. This group is charged with: 


“concentrating all fundamental research, from whatever source, that 

is vital to the continued growth of aeronautics...recommending basic 

theoretical and experimental approaches and their efficient execu- 

tion, working on the solution of advanced research and development 

in aerophysics, as applied to possible new aircraft and uses.” 
The best available talent that can be brought together from both inside and outside 
the company is now actively being assembled. Scientists and engineers already emin- 
ent in their respective spheres can find important roles on this program. A group of 
younger men will assist them. Close contact with Government and industrial research 
institutions and the full facilities of Republic Aviation will be at their disposal. 


Republic invites the application of “creatively-unhampered” scientists and engineers 
specializing in: 
GENERAL PHYSICS e FLUID MECHANICS e AERODYNAMICS 
STRUCTURES e THERMODYNAMICS « SERVO-MECHANISMS 


FLUTTER AND VIBRATION e INSTRUMENTS ¢ MATHEMATICS 
NUCLEAR PHYSICS e ELECTRONICS 





Dr. Theodore Theodorsen, Ph.D., Physics, Johns Hopkins U; formerly consultant 
Air Research, U.S. Research and Development Command; Vice President and 
Dean of Engineering, Tech. Inst. of Aeronautics, Rio de Janeiro; Consultant, 
Sikorsky Div. of United Aircraft; Chief of Physical Research of NACA at Langley 
Field 1929-1946; originator of exact theory of pressure distribution on airplane 
wings; theory of wing-flutter; theory of dual propellers; structure of turbulence ; 
author of numerous technical papers; Fellow and founding member, IAS. 











Please forward comprehensive resume to: 
DR. THEODORE THEODORSEN 
Director Scientific Research Staff 


SEE PEs sags AVIATZaoanw 
FARMINGDALE, LONG ISLAND, NEW YORK 
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Another new development using 


B. F. Goodrich Chemical : #2: 


ete 


~ 


Seg em oon 





~~‘ 


seeerentermrmetee tere eager, 


B. F. Goodrich Chemical Company does not manufacture this insulated wiring. 
We supply only the Geon vinyl resins. 


Houre wired for Low-cost hooting 


EAT will beam down from the 

ceiling in this house—from 
Geon vinyl insulated resistance wire 
stapled to the lathe and buried in 
the plaster—radiating to every point 
in the room. 

Geon extruded wire insulation 
makes this possible—gives a life- 
time heating system with no danger 
of fire. It withstands the heat of 
these wires and maintains its excel- 
lent electrical properties indefinite- 
ly. Initial cost of the system is less 
than any other—with no prospect 
of maintenance. 


Electrical stability of Geon based 
insulations is outstanding. Insula- 
tions have been kept in water as 
long as three years with no signifi- 
cant change in electrical properties. 
Geon shows an equivalent chemical 
stability in resisting strong acids 
and aklalies. Its fire resistance was 
“drafted” by the Navy during World 
War II for wiring ships. 

Insulations of Geon compounds 
are used in aircraft, automotive, 
communications, construction, in- 
dustrial, marine, utilities and motor 
wiring. To find out more about 


Geon in the electrical industry, 
please write Dept. DH-3, B. F, 
Goodrich Chemical Company, Rose 
Building, Cleveland 15, Ohio. Cable 
address: Goodchemco. In Canada: 
Kitchener, Ontario. 


+ THe & R GOO! 


GEON RESINS « GOOD-RITE PLASTICIZERS ...the ideal team to make products easier, better and more saleable. 
GEON polyvinyl materials « HYCAR American rubber and latex « GOOD-RITE chemicals and plasticizers e HARMON colors 
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Type 
Papacy 


The 2-gang model 
have sunt ae ag 
knockouts and are completely enci 
mounting screws permit cover to be removed for Type 
with carrying handle — to be used in ali external connections 
either vertical or horizontal position. eiaean ie 
ing. Unit brushes — a GR andes — make 
removal and replacement simple. All ganged 
wom ts identical — hne cord units supplied with dial reading 0 to 10 
és 3-wire grounding type. 


More NEW 


type W2 seERIES 


The new W2 Variacs® are similar in general con- 
struction to the recently announced WS line except that 
current and kva ratings are 40% of the Type W5, and 
their dimensions and weights are materially less. 

The basic W2 model has an increased rating of 20% 
above the Type V-2, which it supersedes. 


FEATURING 
Higher Rating new 3-wire grounding 
More Rugged Construction. .. base assembly line cord and 3-terminal 
is made of two identical stamped pieces of plug 
wrought-aluminum alloy which is much stronger Captive and Counter- 
and more resistant to impact than die-cast types balanced Radiator As- 
Industrial-Type Cased Models completely semblies 
enclosed in rectangular cases . . . can be panel, Duratrak Brush Con- 
behind panel, wall or table mounted . . . have tact Surface (Pat. Pend- 
standard %” knockouts for 4" conduit or cable ing) . . . disc radiator protects brush track 
connectors in all models Four Corner Mounting Holes for convenience 
Portable Model with built-in, manually- and extra rigidity . . . also 3 interior mounting 


'Type W2 
the basic unit, with a 20% in 
creased rating over its predeces 
sor the Type V-2. Note balanced 
radiator design and reversible panel or 
behind-panel mounting 


reset overload protector, carrying handle, con- 
venience outlet, line cord and line switch . . . 
equipped with either 2-wire cord and outlet or 


holes to match older Types V-2 and 200-B 
mountings 


All Mounting Hardware Supplied 


Type W2 Variacs 


essential dimensions 


INPUT OUTPUT 
ax. Amperes ‘ . > 
Volts KVA Volts | Rated Max. Type Price Description Dial Calibration 
15 0.36 0-115 24 3.1 w2 $13.50 Uncased 0-115 and 0-135 
- 0-135 2.4 2.4 
5 0.3 0-115 2.0 2.6 18.00 Cased, with conduit knockouts 
_ 0-135 2.0 2.0 











Bench model, enclosed, overload 
15 0..135° 2.0 2.0 24.00 protector; convenience outlet, 
carrying handle, 2-wire line cord 
0.135° 2.0 26.00 Same as W2MT except 3-wire 
grounded cord terminals 
0-230 2.4 32.00 Two-gang W2, series circuitT 0-1 j 2éawe ums 3 Gane Units 
— | 020| 24 ans 55 on 
0.6 0-230 2.0 40.00 Two-gang W2 with case, series circuitT 
—_ 0-270 2.0 
1.25 0-230 2.4 1 48.00 Three-gang W2, 3-phase wye circuit 
1.04 0-230 2.0 56.00 Three-gang W2 with case, 3-phase 


wye circuit 


























WE SELL DIRECT 
Prices are net, FOB Cambridge 
or West Concord, Mass. 


*Note — MT models shipped with 0-135 volt output co 

On special order will be supplied with 

and reversible dial plate calibrated 0 115 an 40 0-135. 
TCannot be used with grounded load 


for a Better Buy 
Better Buy 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A. 


90 West Street NEW YORK 6 

8055 13th St., Silver Spring, Md. WASHINGTON, D. C 
1150 York Road, Abington, Pa. PHILADELPHIA 

920 S. Michigan Ave. CHICAGO 5 

1000 N. Seward St. LOS ANGELES 38 








GREATER THAN 1200 FOOT-LAMBERTS 


... With the New RCA-6866 
5-inch Display Storage Tube 















“Freezing” transients—for 
study in a fully lighted 
area. aa at A = 
Airport surveillance radar ate 

— capable of being moni- 
tored in broad daylight. 


SS 





Fi 


RCA-6866 Facts _* 
Brightness -—1750 foot- > 
lamberts (av.) 
(screen voltage, !0,000v.) 
Writing Speed - 300,000 
inches/sec. 
Overall tube length-15'2' 
Greatest bulb dia.-5'% 
(excluding high-voltage 
cable) 








a 









RCA, a leader in display storage tube research 
and development, now offers equipment design- 
ers the RCA-6866 
of presenting brilliant, non-flickering displays 


a direct-view type capable 


of electronic information for as long as 60 sec- 
onds after writing stops. The tube is capable of 
producing a full, 4-inch diameter display bright 
enough to study in a fully-lighted room. And it 
is capable of ‘‘writing’’ fast enough to ‘‘freeze’’ 
microsecond transients for a length of time 
adequate to examine and photograph, if desired. 


In the RCA-6866, an electrostatically focused 
writing gun produces the electron beam which 


is electrostatically deflected by two sets of 
deflecting electrodes. A viewing gun produces 
the electron stream that “floods” the tube elec- 
trodes controlling the storage function—and the 


brightness of the tube display. 


If you are working with airplane-cockpit 
radar-display equipment . . . fire-control radar 
.. airport surveillance ... transient studies... 
data transmission, including half-tones . . . or 
visual communications requiring steady, non- 
flickering, narrow-bandwidth transmission over 
telephone-type lines . . . by all means look into 


the advantages of the RCA-6866. 


HUmboldt 5-3900 
744 Broad Street 
Newark 2, N. J. 


Whitehall 4-2900 

Suite 1181 

Merchandise Mart Plaza 
Chicago 54, Ill. 


MIDWEST: 


RAymond 3-8361 
6355 East Washington Blvd. 
Los Angeles 22, Calif. 


For sales information on RCA-6866—and on 
other display storage tubes now in develop- 
ment at RCA—contact the RCA Office nearest 
you. For technical data, write RCA, Com- 
mercial Engineering, Sec. F16 R Harrison, N. J. 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES 





HARRISON, N.J. 


